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Science, Teamed With Skill, Assures 
INLAND QUALITY STEEL 


4" ERY heat of Inland Steel is the product 
j of science teamed with the skill of expert 


steelmakers. Inland research is constantly seek- 
ing better methods for producing special steel, 
so that when an Inland customer makes known 


his needs, Inland already knows the best method 


to produce the steel, its chemical and physical 


characteristics, and how it will perform during 


fabrication and in service. 


High quality ore, coal and limestone are scien- 
tifically blended and measured. Inland engineers, 


working with America’s leading consultants and 
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TRACK ACCESSORIES . 


equipment builders, have selected and = super- 
vised the construction of modern blast furna: 
open hearths, rolling mills and vital auxilia: 
equipment. Years of research and developn 
are back 


and the many special instruments used 


f the extensive laboratory appat 


Inland will equipment for controlling pig 
and steel production, ingot heating, and 


quality of products from rolling mills. 


All of this vast background of scientific dev: 
ment, teamed with Inland expert steelmaker 
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sures maximum production of Inland Quality 
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TIGHT 


By the Editor 


en NTIAL metals of a war with machines 
are at least three: Steel for ships, guns, 
armor, armaments, projectiles and = engines; 
aluminum for aircraft; brass for cartridge 
cases. Of steel the United States is the world’s 
largest producer. Of aluminum we have not 
enough, but new capacity is coming in rapidly. 
Brass for cartridge cases requires both copper 
and high grade zine, and its present and pros- 
pective supply was examined at the annual 
meeting of the American Zinc Institute in St. 
Louis late in April. 

Cartridge brass looms large in the zine 
ndustry’s mind because its manufacture in 
peace times is relatively small. Zine and copper 
requirements are readily figured, however, once 
the military men fix their ammunition sched- 


iles, allocating it according to the speed at 


vhich the shell, powder and loading plants can 
« built. For example, Joun A. Cuurcnu, con- 
sulta nh copper and zine in the Office of Pro- 
duct Management, stated that by the middle 
| 1912 cartridge brass will require more zine 
other single purpose — and consume 

about 100,000 tons per vear more than 
Sal sent going into this item. This means 


le zine, low in impurities, of which in 

Tit nade about 295,000 tons; consequently, 
42 we must be producing this some- 

ial metal at the rate of 400,000 tons 

else restrict other consumers of this 


rely. Assuming, as is true, that the 


go, 
re is at hand, where will this high 
il come from? 


0 Montana electrolytic plants at 


{ 
?, and Anaconda are about to increase 
the 77 7 eae 

ities 8°. by utilizing excess voltage 
ava 


| their generators; this will give 


more per vear, The new electrolytic 


SITUATION iN 


ZINC 


refinery at East St. Louis, just starting, has a 
Ihe American Smelt 


ing & Refining Co. is breaking ground for a 


capacity of 17,000 tons, 


24,000-ton refinery at Corpus Christi, Texas, and 
this will be ready by mid-19142 (if the power 
plant can be built). Altogether we see 53,000 
tons more annual capacity in electrolytic metal 
within 15 months; add the predictable increase 
in high grade from New Jersey (another 18,000 
tons) and we have an apparent shortage of 
39,000 tons annually which must come from 
redistilled lower grades of metal, or curtailed 
use of die castings which have recently been 
consuming high grade zine at the rate of about 
150,000 tons per vear. (The automotive indus 
trv has already been asked to eliminate 25‘. of 
the die castings in future models — the super 
duper brilliant heavy hardware on 1911-model 
) 


front-ends will soon be missing 

The above is for the Army’s requirements 
for cartridge brass as now cnvisaged. 

But, as Mr. Cuvuren pointed out, not all 
items requiring zine are as readily classifiable 
as cartridge brass and gilding metal for bullet 
jackets, rolled zine for powder containers, galva 
nized siding and roofing for cantonments, o1 
the galvanized plates and pipe for ships. Take 
the matter of pole-line hardware; who is to say 
how soon a new communications system is to 
be used as an essential link in national defense? 
No government official has been able to estimate 
the total requirements for zine, but Mr. Cuurcn 
has arrived at the conclusion that “there is now 
and there will be sufficient zine for all defense 
purposes (the identifiable military require 
ments) and also enough for all the essential 
needs of the basic national economy.” In the 
next sentence, however, he warned that many 
consumer demands would perforce remain 
unsatisfied. 

Already there is a shortage, and therefore 
a system of priorities wherein, month by month, 
each zine producer is required to set aside a 
stipulated percentage of his current metal into 


a “kittv” subject to direct control of the Priori 
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lies Division of the OPM. In April this propor- 
lion was 0’; in May 17‘-. This indicates the 
trend. While large, well-established producers 
with forward contracts have had little difficulty 
in getting suflicient zinc, the defense effort has 
worked on down through subcontracts into a 
multitude of smaller plants, and their unfore- 
seen requirements as well as England's 

already expanded many fold — have to be 


laken care of by shipments from the “kittw”, 


Smelter Capacity 


On the basis that our exact requirements 
are unknown and unpredictable, but will cer- 
tainly absorb every pound of metal we can lay 
our hands on, what plans have been made by 
the smelters and refiners to meet the situation? 
Hlowarp I. Youna, president of American Zine, 
Lead & Smelting Co., presented a summary of 
this situation to the Institute and from this an 
estimate may be made of the way the metal will 
be allocated during the next vear. 

Phe last reliable statistics for foreign zine 
production are for 1939, as follows, expressed in 


short tons of metal: 


1939 1940 

North America 775,000 926,000 
United Kingdom 148,000 175.000 
French Indo-China 6.000 » 
Japan 60,000 SO,000 
Russia 100,000 » 
\xis-Controlled Countries 760,000 

World total 1.S49,000 4 


The 1940 figure for Axis-controlled coun 
tries is probably no more than 1939, for smelters 
in Belgium, Netherlands and Norway (produc- 
ing 275,000 tons of zine in 1989) used trans- 
oceanic ore almost exclusively, and this has been 
entirely shut off by the blockade. Mine output in 
Germany, Poland and Yugoslavia has doubtless 
been expanded to take care of this deficit as far 
as possible; at any rate, Germany is self-sulli- 
clent in zine — so much so that new zine alloys 
are replacing alloys of the scarce copper on a 
vreat scale in Europe today. 

Of the 19140 figures for North America 
721,000 tons of zine were smelted and refined 
from ore and secondary metal in the United 
States, and the operating rate in December was 
at approximately 780,000 tons per vear. Of this 
metal 199.119 tons or 27° > was Special High 
Grade, V.O10 tons or Li was Grade A (High 


Grade), 65.321 tons or 9 Grade B (Intermedi- 
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ate), SOO81 tons or 11‘. Grade © (Bi 
Select), and 284,131 tons or 39° Grade | 
Western). 

Figures for 1941 and 1912 were p: 


by Mr. YounG on the basis that every ffo) 
would be made to get maximum pro 
from existing capacity and from new un 
are already under construction or = p ed 
His figures follow, and to them have been added 
16,000 tons from galvanizing drosses r¢ ke 


in large graphite retorts: 


1940 1941 9 

United States 724,000 906,000 00 
Canada and Mexico 202,000 255,000 39 | 

British Empire 

less Canada 175,000 177,000 24,00) 
Total 1,101,000 1,338,000 | 1462.00 

fhe anticipated expansion in electrolyt 
zine in these vears (included in the above fi 


ures) has already been listed. The balance y 
come from new retorts in existing zine smelters 
Mr. Cuurcu gave some idea of the requir 
ments for cartridge cases. Mr. YOuNG attempt 
an estimate of civilian and export dema 
What the civilians might expect, at the wors 
may be gaged from the statement that in Eng 
land, where “normal” consumption is 
order of 225,000 tons vearly, less than 50,0 
tons went into non-defense items in 19 


curtailment of about 80° ! Very large exp 


to England late in 1910 licked up most ot 
visible stock of metal in the United States. 5S 
Canada and Australia have themselves 
expanded munitions program, England ca 
vet large increases over her normal 
from them, vet she is currently using zu 
rate of about 325,000 tons per year. Ass 
that England will be able to produce at | 
rent rate, she will require much from 
Mr. Youna believes that England, Ch 
South America will need at least LOO,00 
our zine metal in 1941, and this fi 
exports will probably be 150,000 ip 1912 
Estimates of 1911 demands are there 


Export 100,000 tons 
Brass 300,000 
Galvanizing 250,000 
Die Castings 125.000 
Rolled Sheet 55.000 
Miscellaneous 35.000 
Contingencies 70,000 
lotal 935.000 tons 


this appears to be about 900,000 


than our maximum expectations for sn 














production, and the shortage for 1941 
10°: 
nited States (510,000 tons average con- 
n. 1935 to 1939 inclusive). Visible stocks, 
11, 1941, of slab zinc, in smelters, were 


ions, plus 67,000 tons on consumers’ 


of the “normal” civilian demand 


so we will have to get along on what 


We ke augmented probably by 25,000) to 
55. ons of metal from the Rosita smelter in 
Me . However, the situation might get worse 
if moment if some intensive air raids should 


sul the principal English smelter. 


Ore Supply 


Since important mines in various parts of 
he world have been mining more ore than they 
ould ship overseas or smelt and sell locally, 
there has been a gradual increase in stocks of 
re (concentrates) above ground for the last 
ouple of vears. This situation has been further 

vravated by total blockade of European smel- 
ters, Which otherwise would be large importers 
f concentrates. American producers, who ship 
id smelt as fast as they mine and concentrate, 
ire therefore fearful of the effect of this over- 
inging stock, measured in hundreds of thou- 


sands of tons, as soon as it can be shipped freely, 


forced into distress sales. However, at the 
resent time, bottoms are so scarce and freight 
rates are so high that we even lack the com- 
ortable assurance that ample zine ore will reach 
rown reduction plants. Curtailment of inter- 
istal shipping has, for instance, raised the 
North Atlantic 
rom $4.00 per ton as of February 1911 to 
s of May 1. 
deteriorated that they cannot respond to any 


verioad.) 


irter rates from Mexico to 


orts 
(Mexican railroads are so 
Argentine ore costs $16.00 per ton 


up. Canadian concentrates are now 


ea ¥ our inland smelters by rail from British 


i, Quebec and Newfoundland. 
ick W. Penrson of the U. S. Bureau of 
is able to give a picture of the American 


tuation, the result of a survey made as 


inuary. This investigation indicated 


M0 tons of recoverable zine will be had 
rican ores in 1941, an increase of 7' 
ind a figure checked by a 690,000-ton 

ecember, January and February. Of 

ontaining 100,000 tons of extractable 

ld ordinarily be used to manufacture 
he paint and rubber industry, but an 
66.000 tons of metal will be had from 


; 


of scrap and drosses. In view of 


Vay. 19141: 


the fact that we can make approximately 906,000 
tons of metal in retort and electrolytic plants in 
the United States, it that 150,000 
tons of foreign ore containing 226,000 tons of 
Almost 
exactly this amount of ore actually existed in 
March 1, 19141, that 


imports during the rest of the vear will be sur 


is apparent 


extractable zinc must be imported. 


smelter inventories on sO 
plus against unforeseen losses in American pro 
1912 needs. Smelters 


already reported unfilled contracts for delivery 


duction or against have 
in 1941 of 288,000 tons of foreign ore containing 
135,000 tons of recoverable metal, and delivery 
of this is reasonably sure. 

No rapid expansion in American produc 
tion, paralleling the 70°. increase during the 
1911-18 war, can be expected because the eco 
thre 


prevented venturesome capital from prospect 


nomic circumstances of last decade have 


ing new areas, developing reserves in existing 


mines, or increasing ore treatment facilities. 


Due to the high value of American exchange, 


foreign zine can be profitably made in great 
quantities at Se of our money per Ib. Add 14é 
tariff and the expected selling price in a free 


market will be te (plus freight), which is not 
enough to pay for much American zine now 


being produced, nor attractive to newcomers as 
a long-time prospect. In other words, American 
mines will be hard put to maintain their present 
near-maximum rate of production due to lack 
of developed reserves, reduction facilities, and 
enough skilled and contented labor. 

Informal opinion was that 9 or 10¢ per Ib. 
of zine, instead of the present selling price of 
7.25¢, would be necessary to expand mine output 
lo anv considerable degree. Such a price would 


also largely increase the recovery of zine from 


scrap, from old smelter slags, and bring into 
range the 60 million tons of tailings in the Joplin 
district, which contain O41 recoverable zine 
(120,000 tons of metal). 

Summary 


What official and expert opinion sums up 


to is this: At present prices we will have enough 


zine for defense requirements in 1941 and 1942, 
but sea lanes must be kept open and bottoms 
secured for importing 410,000 to 50,000 tons of 


concentrates per month, and nothing must be 


permitted to interfere with domestic mining and 


smelting. Even so, civilian supplies must be cul 


at least 10% in 1941 and probably three times 


1942. S$ 


as much in 
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CONTROLLED ATMOSPHERE GENERATOL §, 


RECENT ADVANCES 


IN EQUIPMENT 


By E. E. Slowter 


Chemical Engineer 


and B. Ww. Gonser 
Metallurgist 


Battelle Memorial Institute 


Columbus, Ohio 


IVE OR SIX years ago the use of controlled 

furnace atmospheres had become fairly well 
established for the protection of low and medium 
carbon steels. Partly burned gases were commonly 
used although both experimental research and 
plant operation proved that they were unsuitable 
for hardening of high carbon and special alloy 
steels without soft skin (deearburization). The 
value of a completely inert atmosphere, such as 
pure nitrogen, was known but no commercial 
equipment was available for its production, Atmos- 
pheres of carbon monoxide and nitrogen had also 
been shown to be desirable in experimental work 
but production equipment was unavailable. Other 
special atmospheres, such as those from cracked 
natural gas and cracked ammonia, were actually 
in use but there was no great amount of informa- 
tion on their capabilities, and installations were 
comparatively few. Reference to a correlated 
abstract of that time made by H. W. GiLtverr in 
Metals and Alloys will verify the paucity of real 
information available in 1935. 

The control of atmospheres at’ that time 
usually was by adjustment of air and gas flows. 
Analyses were commonly made by a simple Orsat 
apparatus which did not show the water vapor, 
methane or hydrogen. Occasionally indicating or 


recording carbon dioxide meters, borrowed from 
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boiler plant practice, were used to show the atm 
phere analysis but these left much to be desired 
knowledge of the complete gas composition 
Since that time a tremendous amount of w 
has been done in the laboratory and in indust 
plants to give a clearer picture of the results to |! 


PON 


obtained by the use of controlled furnace ati 
pheres and to show the best type of atmosph 

for any given case. New uses outside the me! 
treating field have been developed. Existing typ 
of equipment have been improved and refined a! 
new types have been developed. The pres: 
authors prepared an account of “Instruments 

Control and Analysis of Controlled Atmosphe! 

in Metat ProGress for last October (pag 
and they will now describe the broad pri 
on which are based new apparatus for atmosp! 


\ 


production incorporated into commercially 
able devices. There is no intention of compart. 
competing devices, and hence, although ses 

companies may make gas producers operall’- 
on the same basic principles, only one mod 


will be described. 
Nitrogen Atmospheres 


One notable advance is the develo 
apparatus for the production of nitrog: 
pheres. The advantages of atmosphet 
on nitrogen were early known but the de‘ 
of a satisfactory nitrogen generator had 


dependable and efficient combustion ¢ 





carbon dioxide scrubbing equipment. 














wen generators may be made in a com- 
t where a fuel gas is completely burned 
proper air mixture and the H,O and CO, 
ntly removed from the product gas, or 
y consist of separate units, one of which 
the burned gas and the others remove 
and CQ,. 
ifg. Co.) system is shown in Fig. 1. 


A flow sheet of a complete unit 
In it 
is and air are mixed in the desired propor- 
The mixture 


i iu 
n th precision control valves. 


s bu 


j 
DUS 


d in a refractory lined, non-catalytic, com- 
chamber producing an atmosphere consist- 
ntially of N., CO, and H,O at 2350° to 

Small (or even relatively large) amounts 


00 
f CO and H, may be present when the apparatus 
ited on the reducing side of complete com- 
while O, may be present if on the oxidiz- 
side. 


The hot products then pass through a 


t exchanger; the cooling medium is air from 


directly over the manifold, breaks up the gas bub- 


bles into very small size, and gives a_ swirling 


action to the absorbent which increases the CO.- 
By the time the gas reaches the 
the 
combination 


scrubbing action. 
top of the liquid it is free of CO,. From 
scrubber the gas passes through a 
condenser, trap and cooler which removes any 
entrapped absorbent. This device is followed by 
a dual-unit activated alumina drier which removes 
15 to —60° C, 


The product can easily be made in the same purity 


water vapor down to a dew point of 


as cylinder nitrogen. 

The absorbent is a 20% aqueous solution of 
mono-ethanolamine used under the Girbitol patents 
and licensed by the Girdler Corp. of Louisville, 
The 
through a heat exchanger to preheat it before it 
the CO. 


driven off by heat. Regenerated absorbent is then 


Ky. CQO,-containing absorbent is passed 


reaches reactivating boiler, wherein is 



















































































































































































the main blower. (The exhaust of heated air is pumped back through the heat exchanger and 
cooler to the scrubbing tower. 
~ *~ Blower 
g 1 Blawe Cold Air : ses 
~o4 - “y Londenser and Trap for Solvent 
[NY Gas Cooler Pat 
= A Veter Ne 
> ero a 5,2 , 0 = Moisture Escape 
for Cooler ' ‘a ral : , 
| . = . s - 
- ! g Ne to Storage ’ or Furnace 
q. Tra 
& a sop be 
$ Heat. P Scrubber T +,— Duel Activated 
: E, xchanger Mot Air f Alurrina Driers 
x 7 | Exhaust 3 
2 | i —~ lag | 
ai _ Gas n 
= | en a see — CO> OF” 
| Pump J’ Hot Air “0 
| ~ -_ eo 
[—) Combustion —y og/vent 
>| ~ | Chamber Q Pumps r—O : "ep —>|| Cold Water 
i Lt Y - — + Water - 
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t J oc) ds if ge: 
l ; rs 2 > — | 3 > 
2 Ti 
i "s Heat | 4 : Gooler Bowler 
= od ee Hl 
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a om nj << 
q Solution Return Cold + : olution Hot 
| Water to Gas Cooler . __ > 











The 
oled combustion products then enter a 


ictivation of the alumina driers. ) 
ndenser which cools them to 85° F. or 
h removes the bulk of the water vapor. 
sed water is removed through a water- 
s then passes to a CO, scrubber a 
n gas diffuser immersed in a liquid 
Gas enters at the bottom through a 
\ perforated is 


spinner suspended 


Vay, 1941; 


Flow Sheet of Nitrogen Generator, Purifier and Solvent Regenerator (Mahr Mfg. Co.) 


It is claimed that, with natural gas at 50, 
al le 
water at normal industrial rates, dry nitrogen (free 
of CO,) be 27¢ per 1000 cu.ft. 


This cost includes gas burned under the reactivat 


per 


1000 cu.ft., power per kw-hr. and cooling 


may produced tor 
ing boiler and alumina driers, power for the com- 


bustion blower, the gas booster, the CO, scrubber 


and the solution pumps, but not depreciation, as 
this is a varying item with each company 
The CO. scrubbing units may also be used 


Page 56] 








, a) Hopper for 
= 2 Charcoal 


with existing equipment, making partly 


burned gas atmospheres, to remove CO, | 
from mixtures of H., CO and N,. In one Vent ae 










































































































































































unitary system of this type produced by } | om 
Westinghouse Electric & Mfg. Co., equip- << y \N WH onaeer 
ment is available in capacities of 250° to Sk SS 44a); |: 
15,000 cu.ft. per hr. It passes combusted } . r 
gases through a ceramic packed absorber § f Bea : : . 
, ie Tee : Se Zone 
tower through which the scrubbing liquid } ‘ ‘ es ee AN oe : 
trickles. The CO,-free gas leaves at the HC = and F n 
top and passes through a vapor : : ' EY (a as 
trap or water cooled condenser. ~ : Work i : 
This gas may then be dried as Heaters - \\ & Chamber y Fa : a 
desired. The used absorbent . E ' a | ea 
passes to a stripping tower and Floor Line ¢ é 4 @ : § 
boiler where it is regenerated as ees eet 3 ' ‘ { : 4 i 
above described; heat exchange 4 ey. f ; 4 
between the used and fresh —? Abe $ 
absorbent conserves heat. . 
The absorbent used in this j \ 

separate unit, just described, is also 
a 10 to 20° aqueous solution of 
mono-ethanolamine. It will handle ~~ 
up to 20% CO, in the inlet gas and 
is said to reduce CO, to 0.0% by =e 
Orsat analysis. With careful opera- o'3 - . a 

ae ee et te 
tion and good equipment, losses of aad cree ne eT aoerree Ss ae ee ne 
absorbent are quite low reported - ‘ = 
as only 10 to 20 Ib. per 1,000,000 Fig. 2 meer cheney eres asiggesy of . “Char-Mo” Furna e (| 
cu.ft. of gas produced. Tetramine Type) for Producing Protective Gas From Hot Carbon at 

: Same Temperature as Subsequent Use. (Surface Combustion | 

was used in some early installations 
as it is somewhat more efficient in 
its scrubbing action, but proved to be too corrosive the presence of up to 0.5% CO, or no CO in th 
for satisfactory use. presence of up to 0.5° O.; balance substantially \ I 


Combustion chambers for these nitrogen gen- 


erators are usually to be operated on the desired Carbon Monoxide and Nitrogen b 
side of perfect combustion, so that minor varia- 











tions in gas or air supply will not cause the com- Atmospheres produced from the combust se 

bustion to cross to the other side of perfect of carbon were early suggested. Difficulties \ 

neutrality. Excess scrubbing capacity is also pro- handling solid fuel and in obtaining sources 

vided to take care of minor variations. These carbon free from objectionable impurities, bh 

systems require a fairly large investment and ever, had prevented any wide use of such atm 

ordinarily can only be justified where there is a pheres. One solution of these problems he rT 

large and constant demand for an atmosphere of recently been made in the “Char-Mo” genera! ( 

this type. With a substantially pure nitrogen by Surface Combustion Corp. (Fig. 2). When 

atmosphere base, corrective amounts of CO or of and carbon are used to feed this device the res 

H. may be readily used to give sufficiently redue- ant atmosphere consists essentially ot! arb 

ing conditions to counteract the small amounts of monoxide and nitrogen. (Small amounts of hyd! 

oxygen that may be present in the furnace. gen or carbon dioxide may be present, bul o ys 
Mention should also be made of inert gas gen- and practically all of the water vapor a elin 

erators for producing gas for uses other than the nated.) This generator produces the desired atm 

protection of hot metals. Examples are found in phere by passing the air, or other gas, over car! 

the paint and varnish industry and in food process- which is at the same temperature as the stool be!- 

ing. The preparation unit is essentially the same treated; its basic principle is that an atm sph | 

as described but the combusted gas is only dried in equilibrium with carbon at a given te! all 

before use and contains N. and CO... No CO, serub- will be non-decarburizing (and non-oxid ng 

ber is required for many of these units. A typical any steel at the same temperature. = | 

analysis for such an atmosphere is reported by important operating feature of the devic 's tf | 

C. M. Kemp Mfg. Co. as: 12.5% CO., with no ©, in the carbon used (which may be charcos Ke 
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1 juivalent carbonaceous material) is pre- 


n the apparatus before actual use as a 


f atmosphere gases, and deleterious ele- 


) it are driven off during this pre-heating 


d er come into contact with the steel being 
heal ated. 
shown in Fig. 2, a generator of this type 
1s primarily of a vertical retort which is 
( ily mounted in the heating space of a full 
Mle furnace. (The retort can, of course, be 
unted in its own furnace for certain uses. 
rhis ort is made of a high temperature refrac- 
ry such as silicon carbide, or of a heat resistant 
etallic alloy, depending upon the temperature of 
peration. A hopper having sufficient capacity for 


bout 24 hr. operation is mounted directly over the 
elort and feeds by gravity. This hopper is rela- 
vely gas tight but has a vent or burner through 
hich 5 to 10° 


e oul any gases evolved on preheating the 


of the produced gas is bled off to 


irbon 
within the furnace whereby the atmosphere 


The retort itself is provided with a take- 


roduced by the combustion of purified carbon is 
nducted into the muffle. At the bottom of the 
a means for removing ashes and intro- 
the 


etort 1s 


lucing air, or other gas, for atmosphere 
duction. 

Hopper and retort are filled with carbon before 
With 


rt at the desired temperature air is introduced 


the equipment is started. the furnace and 


such amounts that the proper flow of the pre- 
A small 
mount is by-passed up the retort, through the 


pared atmosphere passes to the muffle. 


hopper and out the vent burner, effectively remov- 

4 water and volatile impurities from the carbon 
The 
ellectiveness of this by-passing treatment may be 


before it reaches the gas generating zone. 


seen In analyses on the muffle gas and the vent gas. 
Vent gas inalyses do not show water, but tests on 


Effect of By-Passing Treatment 


any moisture in the inlet gas is converted into H 
and oxides of carbon within the retort. (Hydrogen 
could be eliminated by drying the inlet air but fo 
practically all uses a small amount is not detri- 
mental.) Since the muffle gas is withdrawn from 
the 
approximately that of the work, there is no decom 
CO. al 


lower than the temperature of formation, 


retort at a point where the temperature is 


position of CO into C and temperatures 

Since this atmosphere depends for its elTective 
operation upon the fact that an atmosphere in 
equilibrium with carbon will also be at equilibrium 
that is, neither decarburizing not 


with a steel 


oxidizing) it is obvious that the apparatus must 
be so constructed and operated that a fairly close 
approximation of equilibrium is obtained. If any- 
thing should allow air to get into the muffle, suffi 
cient CO, to decarburize or even oxidize the work 
may be produced; however, since the muffle ts 
operated under slight pressure there is little chance 
for air infiltration. 

Advantages are said to be: Infiltration of ail 
does not produce appreciable water vapor since the 
atmosphere is low in hydrogen; a hydrogen-free 
atmosphere may be made if desirable; the gas com 
position is simple and many intergas reactions aré 
thereby eliminated; for a given temperature the 
atmosphere produced is relatively constant regard 
less of outside conditions; true non-decarburizing 
hardening can be accomplished; the cost is rela- 
tively low, being about 30 to 50¢ per 1000 cu.ft. on 
While air is 


the usual gas passed up through the retort, others 


the basis of the cost of the charcoal. 


such as dried flue gas, dried ammonia combustion 
products, partly burned gas, and special produce 
gas may be used for special atmospheres. 
Another solution to the problem of generating 
satisfactory atmospheres from carbon is to use 
very pure carbon as the source. One apparatus 
manufactured by Lindberg Engineering Co. 
for this purpose combines a generator of 
this type and a heat treating furnace into a 





7 


Rerort av 1550° F. RETORI 





aT 2200° F. 


LOM I 
VENTGAS MureLce Gas! Vent Gas) Murece Gas 

‘ 3.6 0.7 3.8 0.1 

( 0.0 0.0 0.0 0.0 

28.7 33.1 30.6 34.5 

74 2.1 7.7 1.2 

‘ 0.0 0.0 0.0 0.0 

N Balance Balance Balance Balance 
—_— 


The heat 
furnace may be of any type, but this one 


compact unit (Fig. 3). treating 
is an electric box type with a hinged hearth 
to permit quenching while the work is still 
by the 

without 


protected controlled atmosphere; 


hardening decarburizing or 


oxide forming on the surface is said to be 


any 


obtainable. Tubular electric heating ele- 


ments may be used to reduce the tempera 








the muffle gas have shown dew points 
5 FON Zo P. 

tual composition of the atmosphere pro- 
is type of generator is a function of 
ture of operation. The hydrogen con- 


S upon the humidity of the air, since 


Vay, 1941: 





ture differential between elements, furnace 
and work. 
The generator consists of an insulated refrac 
from a= storage 


tory tube, charged with carbon 


space above the hot zone. The opening is sealed 
during operation and recharging is done by hand 
about once a shift. The fuel bed is supported upon 


a perforated steel grate and ashes are shaken down 
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O - Exhaust Burner 
S\ CT) awe 
iy ae os Charcoal Charging 
; Funmel ) Bleeder, 
: vy . . »”” i °° > ‘ or 
| Sightfeed —s | —- qengeemnn 7 y cole ne” since the atmosphere sists 
/ 7 essentially of dry CO and nit en 
wai Because of its freedom from deearl pjzing 
; Fram Ammona gases, it is recommended by the ma! rs | 
“7 Tank ” steal . 
7 ! | 4 scale-free hardening, and bright an. caling 
» - or brazing of high carbon steels © ith 
\ | Generator decarburization. 
I | In producing this atmosphere, © is ang 
Z air are burned slightly on the reduc). g si¢, 
@ 4 of complete combustion. The pr ri 
a Exhaust Line Agysting | products ar 
0c cooled to remove the water produced }y 
Door Curtain Blower ; iit 
Connection ) combustion, and the remaining gases a) 
Benzo! —,. .. > passed over incandescent carbon to cony 
Purnp Unit I 4 sell P the CO, to CO. The final atmosphere 
ot } ° . ’ , 
chiefly CO and N. with small amoun 
Ash Cleanout Door : > “ -_ ts 
- @ H, and may have a dew point as low as 

Fig. 3 Lindberg Engineering Co.'s -~)o 

Ming pte tape 50° F. 

“Hydryzing” Unit, Using Charcoal Producer : 

Gas Enriched With Benzol, Ammonia or Both By supplementary use of an ele irically 
heated retort containing the incandescent 
carbon, any partly burned gas may be co: 

occasionally by a hand lever. Air is passed into verted into an atmosphere of this type. If gas 


the bottom and passes up through the combustion 
zone Where it forms an atmosphere of CO, CO, and 
H, which is passed to the heat treating furnace. 
Since this usually results in more CO, than is 
found if static equilibrium were reached in the 
exil gas, some means must be used to combat the 
decarburizing effect of this excess CO, on high 
carbon steels. This is done by dripping a little 
benzol into the producer gas to increase its content 
of carburizing elements. To increase the reducing 
power of the mixture, anhydrous NH, may _ be 
introduced into the heat treating furnace where it 
decomposes to N, and Haz. 

No adjustment of this atmosphere is said to 
be required for heat treating most toolsteels under 
the usual time-temperature conditions. Widely 
different types of steels or unusual heat treating 
conditions require some variations in the benzol 
and ammonia additions. For example, with very 
low carbon steels the benzol may be eliminated, 
while with steels which are particularly susceptible 
to decarburization the benzol may be increased 
over the usual amount. 

Carbon used in this generator must be pure. 
Double-retorted pellet charcoal, about 44 to ‘2 in. 
in size, is ordinarily used. As in other generators 
of this type the specified rate of atmosphere pro- 
duction for a given unit must not be exceeded or 
abnormally high CO, or even O, will be found in 
the product gas. A small amount of fly ash carries 
over, but it has been found more practical to blow 
out the furnace at intervals than to try to separate 
it in dust-collectors. 

Dry methods of removing CO, from partly 
burned atmospheres also offer promise in forming 
mixed atmospheres of CO and N,. The General 
Electric Co. has developed an apparatus for pro- 
dry- 


“ 


ducing an atmosphere of this type (termed 


used to heat the carbon, self-contained units a: 
available. The latter will be described in som 
detail since it embodies all of the salient features 
The flow diagram is given in Fig. 4. 

Fuel gas and air are metered and mixed 
according to conventional practice. The gas miv- 
ture is burned around an alloy retort which co 
tains the carbon (charcoal) used in the subsequ 
conversion process. An example of the compos 
tion of the flue gas formed at this stage is 9°) CO 
0.5% CO, no O., 10 to 20° H.O and balance \ 

This gas passes to an externally mounted su 
face cooler where the bulk of the water is remov 
down to 1 or 2%. If it is desired to reduce hyd 
gen in the finished atmosphere to a minimum, 
of the moisture must be taken out and an actival: 
alumina drier must follow the surface coo! 
Usually, however, this is unnecessary and the s% 
passes to the hot carbon, held at 1850 to 2000 
by regulating the amount of raw gas burned 
heat it, at the same time keeping the amoun! 
CO, conversion constant. This is accomplished ! 
bleeding off some of the gas between surface co 
and charcoal retort. 

In contact with hot carbon the CO, ts 
verted almost completely to CO Cand H,©, 1! p 
ent, is converted to H, and CO), The resull 
gas passes through a filter to remove charcoal | 
and is then ready to use in heat treating opp 
tions. While some range in composition ma) 
had, a typical analysis is 200 CO, no O 
2% H. and balance N.. The gas is quite - ry 
dew point being about —30° F. 

Carbon is fed by gravity into the d 
from a hopper at its upper end. The u h 
suflicient carbon for a day's operatio 





reserve. Recharging may be accomp! 
manual reloading of the hopper when it 
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or by a vacuum charging method. Char- 
sumption depends upon the rate of flow 
s and its CO, and H.O contents, but the 
gure is about 3 Ib. per hr. in the standard 
lucing 750 cu.ft. of gas. No. 3 size hard- 
eh-charred charcoal is suitable: it costs 
2e per Ib. This makes the charcoal cost 
standard unit about 6¢ per hr. or 8¢ per 
t. of atmosphere produced. 


\tmospheres of Carbon Monoxide, 


Hydrogen, and Nitrogen 


hile CO-H.-N, atmospheres are relatively 
ir production from the partial combustion 


ind natural gas with only small amounts of 
m ie in the product gas now appears to be of 
sull nt importance to justify a deseription. This 
vas prepared by the thermal reaction whose 
ideal form is 


2CH, + 0. —— 4H. + 2 CO 

\ typical gas produced by a generator of this 

type manufactured by Westinghouse Electric & 
Mfg. Co. using 42 parts of natural gas to 100 parts 
fair is 20.5% CO, 40.5% H., 1.2% CHy,, 0.55 CO., 
»O., 0.15 HO (dew point, approximately —15° 

md balance N.. 
ipplicable to short eyele annealing at 1350 to 1650' 
l., where it is desired to avoid decarburization (or 


Such gases are particularly 


to carburize slightly). Suecessful applications have 
been reported at temperatures above 1750° F. 
where time of treatment has been short. 

\n atmosphere of this type is prepared by 
passing a gas-air mixture over a heated catalyst. 
Since if is necessary to oxidize the hydrocarbon 
gas practically completely yet avoid the production 


1 CO... the cracking reaction requires careful con- 


trol, uniform heat, and proper design of the crack- 
ing chamber. Nickel is the common catalyst, and 
is prepared in any of the usual ways for depositing 
nickel upon a refractory. The retort is also made 
of nickel. Carbon precipitation must be avoided; 
sooting at the cool end of the retort was very 
troublesome until the nickel tube at this point was 
replaced by a metal which did not promote the 
reaction. Good heat transfer is secured by wind- 
ing a metallic resistor in the catalyst itself. This 
resistor is operated at about 1800" F., its usual 
naximum operating temperature. 

The atmosphere is said to be satisfactory for 
hardening of most steels without decarburization; 
the apparatus can be easily controlled, and no dry- 


ing of the product gas is required. 


Gas Engine Exhaust 


Many gases produced by the partial combus- 
tion of fuels have been used for “controlled furnace 
atmospheres”, but it is only recently that gas 
engine exhausts have been used on a commercial 
scale. A device called the “Petrolair Gas Prepara- 
tion Unit” made by Hevi Duty Electric Co. is shown 
in Fig. 5. This unit consists of a gasoline engine, 
a condenser for cooling the exhaust Lases, and a 
receiver for additional water condensation and 
smoothing out the exhaust gas pulsations. The 
engine of the unit may be loaded with a blower o1 
other machinery requiring a steady flow of power, 

The engine may operate on straight gasoline 
without antiknock constituents, any of the lique- 
fied hydrocarbon gases, natural gas or manufac 
tured gas. The composition of the exhaust depends 
upon the fuel and the carburetor setting, and varies 


in about the same manner as gases produced by 
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Additional Moisture Removing Equipment 
n this Line if Required 
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Flue Gas with Mousture 
Partially Removed 


Flow Diagram jor “Drycolene” Producer (CO N Vixture Vade by General Electric Co, 
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Hame Annealing 


One of the most recent applica 


controlled atmospheres has been t| 


open-flame annealing of non-ferro, 





developed by Synero Machine Co, a S 
face Combustion Corp. In princi; 
extremely simple, the wire being $s 
through a flame at a point where tl 

ucts of combustion are non-oxidizin 
work and at such a rate that the 
suitably annealed or softened. To | t] 
process into plant operation, h 
requires refined control. The apparat 
consists of a long series of slot ty g 
burners, supplied with a constant gas 
mixture, gas of constant heat value, and 
constant pressure. The burners the 

are accurately made, being held | 
0.006-in. tolerance in width. Air d gas ? 
are mixed in about the theoretical ra 
complete combustion. This prod . 
short flame about 44. in. long, as wid 
the slot and extending for the length of t! 


apparatus. Positioning dies hold th 





m ‘ae . 2eipe : ; being annealed at intervals in the | 
Petrolair” Preparation Unit Serving Two Small Fur- 
Hevi Duty Electric Co. 


Fig. 5 
naces With Exhaust of Small Gas Engine. 


Careful contre i | 
to 


heating or under-annealing; 


portion of the flame. 


wire speed is required prevent 0\ 


up to 10001 





the partial combustion of the same fuel in a com- per min. has been attained when heat treating t! 


bustion chamber. However, it is claimed that the smallest sizes of wire. 


high explosion temperature of combustion pro- Numerous novel mechanical devices are us 
duces a more stable atmosphere than the one from but the important fact from the controlled ati 


phere viewpoint is that bright annealing is se 


ordinary flame combustion. The carburetor is 

usually set for a rich mixture so as to produce an without the use of a furnace or any other enclos 

atmosphere high in reducing gases. space. As a consequence, no heat is lost to 
As soon as the engine is started the gases are furnace. Straight-line production is_ facilitat 


long-eyele heating is eliminated and the operat 


led 


condenser to separate the bulk of the moisture and 


available for use. The exhaust is to a water 


can be rapidly and efficiently started and sl! 








then to a receiver tank which is of comparatively 
large volume and serves to dampen the pulsations 


produced by the engine exhaust. Gas from this 
lank is usually passed directly to the furnace, 
though sometimes it goes through other equip- 


to 


a device to add other constituents 


ment such as a chemical drier remove more 


water vapor, or 
to the gas. 

The utilization of the power developed by the 
the of the 
Where air is required for 


engine depends upon characteristics 
particular installation. 
furnace combustion, a blower is frequently used to 
absorb the power and, in at least one case, a por- 
tion of the power is used for the compression and 
It 


is desirable that the engine be fairly well loaded 


retrigeration of the exhaust gases prior to use. 


so as to make the unit more efficient and to provide 


a means for speed control. The engines in small 


units are the air-cooled variety; their hourly out- 


pul varies from 150 to 750 cu.ft. of prepared gas. 


as passing over hot carbon. 


\s yet this process ts limited to certain 
il for 


obvious limitations which prevent its use | 


wire: while appears valuable Wirt 


heat treatment. 


Conclusions 


The trend in the develoomen! 


equipment for the production of controlle 


recenl 


pheres has been directed to the making « 


pheres which are as nearly as pos: 


equilibrium with the material to be prote: 
high temperature heating of medium and 
bon steels, this has usually meant the eli 
of CO H.Q, 


production or by removing them after |! 


as well as either by avoid 


Removal after forming may be by wet mi 
that is, scrubbing the gas through mono 
or by di 


mine or other CO. absorbent 


Continued 
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CHROMIUM STEEL FOR BALL BEARINGS; 


INSPECTION AND 


HEAT TREATMENT 


By Alfred 8. Jameson 


Metallurgist, International Harvester Co. 


West Pullman Works, Chicago 


SSENTIAL REQUIREMENT of materials 

for ball and roller bearings is that they 

should be capable of being heat treated to resist 
ear, plastic deformation and fatigue. 

bearing parts are subjected to rubbing wear 

due to inaccuracy in dimensions and adjust- 

ment, to chemical wear because of their contact 


ith the atmosphere or lubricants containing 


mpurities. They must have a high elastic limit 
so that under load they will not plastically 
deform, a high fatigue resistance as they are 

der alternate compressive and tensional 


StPess Of a high order. 
choosing a suitable material economic 
inust also be considered, which means 
cost of material must be as low as is 
ble with the physical requirements. 
lining attention now to ball bearings of 
fe size (under 6 in. diameter) it should 
oted that the component parts are inner 
er race, balls, retainers, and studs. 
ons of steels ordinarily used for these 
shown in the table opposite, 
irther attention will be given to the 
nd stud material except to state that 
s made in openhearth furnaces and 
led to strip. The retainer material is 


nh process to a. soft temper (about 


Rockwell B-55) for deep drawing, and the stud 
material rolled to B-90. 

It will be noted that as the ball size increases 
the chromium content is increased to insure 
complete penetration of hardness from surface 
to center. 

Steel for race rings and balls is made in 
electric furnaces of capacities from 6 to 25 tons, 
cast in molds of suitable size and rolled under 
controlled conditions to bars for forging or tubes 
for machining. 

Approaching the material from a consum- 
er’s standpoint, certain metallurgical require- 
ments are agreed upon with the steel maker 
and these are subject to inspection control. Let 
us follow this, in the case of the race ring steel, 
and note the reasons for these requirements. 

Chemically, there is a specified minimum 
and maximum range of elements. Carbon con 
trol on this type of steel is based on a 15-point 
range and the manganese on a 350-point range. 
Sulphur and phosphorus are usually held to a 
combined maximum of 0.05), the silicon to a 


15-point range and the chromium to a 350-point 





' BALLS RETAINER 
RACH 
ELEMEN1 , AND 
RINGS 
s 10 ro STUDS 
Carbon 1.00 1.00 1.00 0.105 
Manganese O35 O35 0.35 0.40 
Sulphur O.015 O.015 0.015 0.025 
Phosphorus O.015 O.015 O.015 O.025 
Silicon 0.25 0.25 0.95 0.05 
Chromium 1.40 0.50 O.95 nil 
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Internal Bursts in Inner and At 


Outer Race Rings, Due to Steel 
Condition or Heat Checks (Too 


Rapid Heating or Cooling) ing 


Fig. 1 


range. The method of sampling and analyzing 
for these elements is well standardized and will 
not be commented on. 

Due to the change in volume (shrinkage) 
when liquid steel solidifies, a cavity known as a 


is localized as to depth by proper design of ingot 


“pipe” is formed in the top part of the ingot. 


mold, shape of ingot and use of hot top to keep 
the upper portion liquid to the last. However 
all metal above the bottom of the cavity must 
be discarded, else the resulting bar after rolling 
will have a central defect, and this is usually 
done by cropping the bloom (the product of the 
first rolling operation). 

All operations in the casting, stripping and 
reheating of fine steel ingots must be carefully 
caused 


done, else dangerous defects will be 


either on the surface or deep seated. Likewise 
rolling mills cannot cure many of these — in 
fact they may be responsible for some. Surface 
of the 
internal bursts due to improper heating or roll- 
Should the steel be 
rolled at too low a temperature definite discon- 
It is 


possible also that under certain conditions in 


defects can often be cut out blooms: 


ing practice ruin the steel. 
tinuities may be mechanically produced. 


the melting practice, gas may be in solution and 
be liberated in the casting, remain entrapped 
and form a discontinuity in the metal. 

These types of internal defects are disclosed 


by the deep etch test, wherein a section of a bar, 


View 
Defect’, Probably Originat- 


Right: 


of 


in 


Defects in Bearing Races, Rough and Finished, Revealed by the Deep Etch Test. 









and Aft 
Diameter 


Fore 
“Inside 
Mill 


the Piercing 


Full 


tube or billet after etching in 20% sulph 


acid or a 50% solution of hydrochloric acid 
Central porosity or 


examined, sponginess, 


present, is clearly evident after this pickling 


likewise bursts, blowholes, large segregat 
areas or slag particles are readily expos 


Good sound steel roughens, in pickling, to 


rather uniform matte surface. 


Skill and experience are necessary to int 
pret these macrostructures (so-called) else go 


and useful steel be rejected for some s! 


deviation from pattern that has no discovera! 


practical significance — or, on the other hai 


unsuitable steel accepted and put into prod 


tion with eventual loss and disappointm 


Doubtful cases should be segregated, and par! 
made therefrom studied in various stages 
production to see whether the suspicions 
Figure 1 show 


} 


confirmed or are groundless, 


some defects in bearing rings, doth rou 


finished, revealed by the deep etch test 


It is natural to expect that there will 
some decarburization of the surface during ! 
various heating and rolling operations, (ui 
the oxidizing influence of the air and scale w! 

—— 


comes in contact with the surface ata! 
high temperature. This “bark” or decar u! 
zone must be removed from the surfac 
hardening. Machining allowances both 
ings and bars and tubes for machin! 


take Should the 


= 


this inte account. 
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han expected the race rings will have 
ices after heat treatment. It is neces- 
.. to set limits on depth of decarburiza- 


ill vary with the size of material but a 
fa t for rolled products would be about 
0,02 Figure 2 shows a section normal to the 
surt of a 1.40°° chromium steel bar, etched 
to | » out the normal 


We will now deal with another important 
consideration and that is grain size of ball bear- 
ing steel. Austenitic grain size in terms of a 
MeQuaid-Ehn test, or a grain size determined at 
1700" F. is not usually called for. The grain size 
is considered in relation to the hardening range 
of the material and therefore fracture tests are 


made after quenching within a 


lea he almost pure + Sy Fipa to 1600" F.. usually by heat 


ro it the surface P : 
une red. vee “yh ~ 

ball bearing 3 LINES 3 
material itis considered Re * ’ 

: ; *. - rs . 

idvisable to hold the we, FS eters 
, , , Sa eT r 
non-metallic inclusions ak 4 


n the steel to the mini- 
mum. Their presence 
(or relative absence) is 
i function of the steel 
making practice. It 
seems impossible to 
eliminate them entirely, 


even when fine steel is 





. treating specimens (disks from 
bars or tubes, or round speci- 
mens of a section comparable 


with the parts to be hardened) 


op @ oy. fracturing them and rating 
pn aay them numerically with a stand- 
Kats tys ard set of specimens. Shepherd 





8 es fracture standards are useful, 
or a graded set of duplicate 
fractures of own preparation 
may be used by purchaser and 
vendor, 

Of late there has been a 


tendency to include’ harden- 


made under the best ~ as ; abilitv tests made on standard 
: Fig. 2? “Bark” on Bearing Race . 

known melting practice. Steel. Etched with nital; magnified size specimens as part of the 

Opinion as to their 100 diameters. Practically completely material requirements. In the 
Niche’ soa - i-e ) f 0.010 in; , 

effect, within the limits decarburized to a depth of 0.01 present state of the steel indus- 


of the amounts usually 
present, on the life of a 
bearing partis not unanimous, It is safe to say 
that when their location is within the stressed 
irea of the part, they act as “stress raisers” and 
become focal points for the commencement of 
fatigue failure. The most popular method of 
estimating the extent of their occurrence is by 
polishing a longitudinal section taken from a 
iven location in the steel shape and examining 
(microscopically without previous etching at a 
inagnification of 100 diameters. 

\s for methods used to record the amount 
of inclusions: One method is to compare the 
lield under observation with a prepared chart 
i Which different photomicrographs represent- 
. ounts and also types of inclusions are 
ISS ! numbers and letters. One such chart 
wid sed in the automotive industry is given 
on 78 of the October 1910 Reference Issue 
Progress. Another method is to meas- 
‘ength and width of the inclusion by a 


eter eve-piece and record the areas. 


\\ 
ie Inclusions are of the same general 
cl , . : 
(as they are in most ball bearing 


s usually results in a classification by 
their width is negligible. 


carbon is lost as deep down as 0,020 in. 


try the making of steel within 
the chemical ranges of any 
one grade to a hardenability requirement ts 
very diflicuit, and is not generally acceptable by 
the industry, Control of the hardenability is a 
part of the melting practice. It will be depend- 
ent on the raw materials used, the melting tem- 
perature, the time within the refining evele, on 


ore additions (Gif any), deoxidizing additions, 
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and perhaps other factors. However, from a 
user's standpoint, there is no question that 
standard hardenability tests are useful in deter- 
mining the application for given parts of differ- 
ent analysis grades. This matter has been 
recently discussed in this magazine by Water 
Jominy, the originator of a commonly used 
hardenability test. 

Values in Fig. 3 (page 569) were obtained 
from 1-in. round specimens, 3 in, long, end 
quenched by Jominy’s method. Quenching 
medium was water at 70 to 80° F.; the bars had 
previously been spheroidized by annealing, and 
were quenched from 1550" F. Variation in 
chemical analysis of 28 heats of steel so tested is 
noted on the diagram. 

This concludes a review of the properties 
Which are a part of steel making technique. 

Forged ball bearing race rings are usually 
made by upsetting from hot-rolled bars by steps 
shown in Fig. 1.) In these views the bar (and 


the resulting ring) have been sectioned down 


| id. j Sle ps in l psel ; | ' Hi ba 
ting (Forging) Blanks i Hl 
jor Bearing Races From 8 i ¥ i +} 4 
Round Bar; Sectioned ' BS 4 ‘ 
and ktcehed to Show ra. 
te 
Flow Lines. Ring by Ly #6 
; 455 Be WA A 
eul from upset bar eye, | hath 
ye : Aon oS 
‘ nlarged b, fimes Pe ; +" 








the diameter, smoothed, and deep et 
show the “fiber” or forging flow lin 
action is very simple. An expandi 
spreads the metal from the center outw 
an annular shoulder in the die of corre: 
eter, and then this shoulder is sheare 
form a complete ring. The operation 
planned that the flow lines are parall 


axis of the ring. 





Fiq. 5 Effect / Temperature of I 
Vicrostructure of Bearing Race. Eich 
nital and magnified 100 diameters. A: For 
2025" F., Brinell 364; B: Forged at 1725° I 


Fine grained normalized structure, Br 


Heating is done in a specially d 
furnace, either oil or gas fired, equip) 
a recorder to control the maximum op 
temperature. The temperature of | 
themselves is controlled by the time 
in the furnace; as the temperature otf 
nace is higher than that desired for 
the heating dime is quite important! 
perature of 1980° F. is the most com 
ing temperature. As a number of 
forged from each bar there will be a | 
ture drop of about 180° F. from t! 
the last ring. The furnace will us 
controlled at about 2250° F. 

The micro-grain size of # 

steel will naturally vary with t 

temperature. Longer time at h 

perature in the furnace will p 

austenitic grains to grow that 


favorably placed grains swallow 
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favorably placed smaller neighbors and the 
iverage size becomes larger. The forging opera- 


kneads these grains around and probably 


breaks them up, but grain growth at the expense 


small fragments starts (and continues 
Pussibiv even more rapidly) as soon as_ the 


“¥ stops. Rings made from a hot bar then 
have a coarser grain size when cold than 
the 


is a longer time above the temperature 


nade from a cooler bar, because 


growth. These facts are shown in the 
f Fig. 5, 

good practice to normalize forgings 
unealing for machining. Figure 5-C 
es the change in micro-grain size from 
ed to the Lhe 


ng treatment will also re-form the car- 


normalized structure. 


clopes around the austenitic grain 


es Into smaller, more spherical forms. 
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Bearina 
1000 


Normalized Chromium 
Steels, (All micros at 
diameters, etched with nital 


Profilograph of 
a Good Surface 


Well Sphervidize d Carbides 


Give Much Better Surfaces 


fd 


- 
5 


softening the steel for machining and preparing 


Annealing is carried out for purpose of 


the carbides for hardening. A typical normatliz 


ing heat treatment for the 4d-in. ring shown tn 


Fig. dis as follows: Heat to 1650° F.. hold ttn 
and cool in air. 
Figure 5 is at such low magnification that 


the real structure of the normalized sample iS 
5 6 at 1LOOO diameters, 


‘ 
—* 


Consult Fi 
to be 


cementite 


not evident. 


and it is seen a more-or-less interrupted 


network of (white) surrounding 
pearlite grains, some of the pearlite being so fine 
that it disappears into black, heavily etched on 
Such a structure is a desirable 
the fully 


also shown in Fig. 6. 


unresolved areas. 


intermediate stage to spheroidized, 
machinable structure 
The spheroidized structure consists of two 


Irom 


constituents, carbide particles and ferrite. 


hardness is reduced by this treatment 


Page 571 














$32 Brinell to Rockwell B-87 


A typical annealing cycle is to 


Rockwell C-35 or 
170 Brinell. 
heat to 1500° F.. hold for 8 hr.; cool to 1300° F. 
in 20 hr. and cool to 1100° F. in 10 hr. 
cool from the soaking temperature at the slow 
rate of 10° RF. per hr. to 1300" F. 
hr. to 1100° F. 


or 
that is, 


and 20° F. per 


Mill Annealed Bars and Tubes 


the of 
Bars and tubes are also much used and 


So much for 


parts. 


preparation forged 
ball bearing parts cut from them on automatic 


screw machines. These are received by the 
user in the spheroidized annealed condition, and 
certain restrictions are made on the shape and 
size of the carbide particles and the hardness 
(which includes microstructural conditions that 
control hardness). See Fig. 6 for an illustration 


and distribution. 


acceptable and unacceptable carbide form 


In the insufliciently annealed structure there 


remains much pearlite, and the envelope car- 


ati Ses 


of pearlite in the microstructure on mac! 
itv and surface is also shown in Fig. 6. 
During our discussion of the steel 
which are a function of the melting and 
practice, we delayed mentioning until thi 
a condition which also arises there — | 
carbide banding, a tvpe of carbide segr 
In the | 


received, the light and dark streaks at 


which is illustrated in Fig. 7. 


more contrasted than after a heating for g 


ing; examination at high power shows th 

light streak is a “Milky Way”, a great accumy 
lation of relatively large carbide p les 
(which do not etch and darken when the mic: 


specimen is prepared), and the darker streaks 


have a fairly uniform distribution of very sm 
particles. 
banding still exists even after forging an: 
treating in several ways, as shown in Fig 

What all the foregoing sums up to 
effort to condition the parts by steel select 
and process control to facilitate smooth mach 


ing and hardening to a strong, wear resista 


\ 


f, 


This condition is very persist th 


Hie ? 





Fig. 7 Carbide Banding Is Very Persistent in a 
Forged Ring of ‘i4-ln. Wall Thickness. Nital etch; 
100 Left to right: 1. Water quenched from 1550 


bides are not entirely broken up. Another unac- 


ceptable structure looks like the acceptable, 
except that there are relatively few small par- 
ticles; the largest carbide particles are two or 
three times the area of the largest in the good 
structure. 

Phe reason for the restriction in the size of 
the carbides is the relative insolubility (or slow 
solubility) of the larger particles. The hardness 
is usually specified in a range of Rockwell B- 
8) to 92 or a Brinell range of 166 to 195.) An 


excellent example of the effect of the presence 


Vetal Progress; Page 572 


Fk. 2. Triple quenched in oil from 1550, 11 
1550° FL 3. Double oil quenched from 1550 a 
I. 4. Triple oil quenched from 1550, 1900 and 1 


surface. Experience shows that vest results 
service are had when the microstructure 
uniform martensite containing undissolv: 
bide particles, uniformly small and un 
well distributed. This structure will 
hardness of Rockwell C-60 to C-61. 

The usual hardening range for this |.! 
Cr, 1.00°° C steel in ring sections is from 1) 
1580° F. and the quenching medium is oi! 
are a number of general principles go 
the of 


increase in the hardening temperature 


behavior this steel in hardenin 


») 




















treated to a hardness of from Rockwell C-61 to 66. The 









Z <P , 
ApS finished balls are subjected to the same tests such as 
i _ Fine Grain : ; 
| 7 1 T deep etch, fracture grain size, and microstructure us 








va. Bi “Hardness rings, except that a sampling of the balls is sub 
Seca — Y%e-In Round, Held 60 Min(2Hr/In) jected to a crushing strength test. This is carried 
Y2-In. Round, Held 30 Min (1 Hr/in) out by compressing three balls in a vertical line 
S r 4-In. Round, P, 10 Min. pops 
S -———-[3f 10000, 20Nin 2 Guenohing until failure occurs. Assuming the same hardness 
a. I , : 

7 | Temp, Tempered at 525°F for Min and microstructure the crushing strength of a ball 
+... gk will increase as the diameter increases. Figure 9 
| T= | -Frech G ; ; 

3 eS ee ee Tenure S shows this relationship. The crushing strength of 
; a >= i 
a } 7 s a ball is one of the factors used for calculating 
— 5 >» . . . . 

<= == § 100 & load capacities of the bearings. 
‘ Pa 6& g Balls or rings after hardening are tempered to 
+f mp tp =a 050 $ relieve internal stresses and to reduce hardness. 

/mpact- tt » . 

R | ] & In the case of rings the hardness is reduced from 

4a) ~—S«NS2OD 1560 1600 1640 os two to three points on the Rockwell C seale by 


Quenched in Oil fram °F tempering at 325° F. and in the case 
Influence of Heat Treating Conditions and Size on the of balls the hardness is reduced 


Toughness and Fracture Grain Size of Ball Bearing Parts about one pol hy tempel 














90 ing at 250 to 300° FL Tem 
; & 
e proper hardening range, iS pering of balls may be 
; . » 80 a ae ; - 
ran increase in the holding & referred to as a stress 
time at heat prior to quench- SU = : - relieving operation rathet 
| a Theoretical Points on han as a hard educ 
vy trom a given tempera- 8 60 Curve $=90 000 D2 than as a hardness reducing 
< 60 > L 
ture. results in B / operation. The importance 
9 @& 4 d 
1. An increase in the KS 9U of a stress relieving opera 
surface hardness. S 40 tion on balls is illustrated 
2. An increase in the S he by the following example 
S yi: 
irdness penetration. & WO > Improperly stress relieved 
P a A balls, 0.812 in. diameter, had 
4. An increase in the a Ar. seme QUIS, V.O1S 1. Cann » HN 
B LTENOTS L : . ” 
mass (section) that can be P on “ Experiment a crushing strength of 39,000 
G 70 %~ a 
ardened. lo 45,000 Ib. The balls wer 
! An increase i the c* ; heated at 300° F. for 30 min 
mrease Mm 1¢ O 0 Wa ye 4” 3g 34 Vg ‘ 
cro-grain size. Ball Diameter. Inches and the crushing strength 
» A decrease in the Fig. 9 Graph Showing Crushing became 16,000 to 93,000 Tb S 


Strength of Balls of Various Diameters 





rivure & shows these 67 | sisiiniaeiiemmeniiniaiatiiiaintaees 


ects of the hardening temperature on the hardness, | 


racture grain size and impact strength, as well as the an | poe , 
: = ‘ . : ; 
| 





ef] 1 the holding time on surface hardness. (Size 





ture of balls also has an influence on the 
J . . . j 1 ,’ 
il hardness as measured, and this is also indi- | 
ig. 10.) 2 
S py | , 
S 4 
5 | 
iS r ane 
Steel Balls ~, _ 
$5 63} 
metallurgy of the steel used for balls is sim- © 
| 
it described for the race steel. except that the & 62} 
ents are if anything more rigid. The major & 
steel for balls is made under toolsteel prac- ar | | 
i means smaller heats and small ingots. 
made by a cold heading process from wire an | 
- ) to approximately 1 in. diameter. Balls } V6 V4 V6 V2 Ye a 
\ ire usually hot forged. Lal! LNaneter 
heading, balls are rough ground and heat Fig. 10 —- Observed Hardness \ s With D 


Vay, 1941; Page 573 








PAGES FOR A METALLURGIST’S ALBUM 











Tay Jeffries 





An appreciation by a former associate, Samuel L. Foy! 























vl vi \LLURGISTS are fortunate to have 
ive s man. ZAy Jerrries, one of their own. 
S f body and mind, sympathetic and cour- 


» complete harmony with life, and pro- 
io a prodigious degree, his example 
7 tes us all to a fuller and more useful 

Thinking of him I am reminded that 


“A nt is formed in the quiet; character, in 
t] rm of the world.” Sound thinking and 
cl xpression were thus fostered, and Jrr- 
PRI outstanding ability was developed for 
b » facts and principles into broad gener- 
i] ons. Another talent “formed in the quiet” 
‘\ » equally great ability to appraise scien- 


tific developments for use. The significance of 


this harmonious union of science and tech- 


nology cannot be overemphasized for it actually 
ind figuratively took him out of the “cloister” 
ind into the “storm of the world”. Today, 
when met in action, he gives the impression of 


complete fruition of talent and character. These 
ire the things I wish to emphasize in this brief 
sketch 
I first met Dr. Jerrvries in 1918 in Cleveland. 
\s a consultant for the lamp division of the 
General Electric Co. he had already pioncered 
he scientific study of tungsten. Upon publica- 
tion, this work displayed so much originality in 
thought and execution that it excited the admir- 
ition of fellow scientists; in a more prosaic role 
provided the control for the manufacture of 
tungsten wire and the processing of filaments 
it the lamp factories. 
lt was not long after this that I joined the 
same organization and so came more directly 
ntact with Dr. Jerrries. This close asso- 
revealed a pattern of human behavior 
Was as unusual as it was stimulating and 
Is ne. Among other activities he met at 
ils with groups at the Wire Works or at 
Nela Park to discuss projects which were cur- 
n development. I recall easily what it 
ous when the word came around priot 
a meeting that “Jerre will be there!” 
1) the discussion of the project, data 
«© presented and opinions advanced, but 
the end he would always give us a mas- 
ilvsis of the problem at hand and an 
il of what it all meant. His contribu- 
re always interesting to a point of fasci- 
ind their effects carried over initio our 
rk. Somehow he always had a fund of 
e that was truly enevclopedic which 
halled into an array of arguments 
‘oy! ind con that left us with no doubt 


as to the conclusions which could be legiti- 
mately drawn. 

Management was likewise attracted by this 
wealth of information and clarity of thought, 
and the managers at Nela Park Messrs. Terry 
and TPReEMAINI turned more and more to 
Jerrries for counsel. This in turn was a most 
profitable experience for him, since these two 
were master-builders of American industry. In 
this way Terry and Tremaine selected their 
voung scientist-consultant, fostered his talents 
for finance, industry and management, and 
trained him for a key position in the electrical 
industry. Dr. Jerrries has continued in this 
work ever since and is now technical director 
of the Lamp Division of the General Electric 
Co. on a full-time basis, let it be added for 
the sake of clarity. 

Many vears before, while teaching metal 
lurgy at the Case School of Applied Science. 
Jerrries became director of research for the 
Aluminum Castings Co. of Cleveland This 
appointment, and the work with General Ele« 
tric just mentioned, absorbed his time; le 
resigned his faculty position, although, as 
SAUVEUR has so aptly expressed it, in a broade: 
sense he has never ceased teaching. Recenth 
he was named to the board of trustees at Case 

Ihe work for the Aluminum Castings Co 
(later the Aluminum Co. of America) has been 
one of the most important phases of Jrerrrins’ 
career, in terms of both accomplishment and 
length of service. At the beginning the facil 
ties were limited for any formal work but the 
tempo was fast, due to rapid expansion into the 
automotive field and important applications of 
aluminum in war work, It was not long befor 
the need of a research laboratory was realized, 
and one was built from income resulling from 
the use of his ingenious device of a copper plug 
ina permanent mold to secure sound castings 

By the end of the war the duties had 
become so arduous at the Castings companys 
that an assistant was needed, so the other part 
of the famous team of “Jerrrigs and ARCHER” 
was acquired, During the day they plied thei 
trade to the benetit of aluminum allovs, but 
during off-hours they brought the whole field 
of metallurgy under review. Those productive 
vears of the 20°s deserve more than passing 
mention for it was the broad generalizations of 
this decade that placed the Science of Metals on 
a new and more intelligible basis 

As already noted Jerrrius had previously 


studied the irrational tungsten and. working 
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for the Ph.D. under Sauveur at Harvard, he avocation. For several years now, Dr. J; 


included the more prosaic copper and iron in has been chairman of the board of The 

these studies — as, we may presume, a valiant boloy Co. 

attempt to return to the normaley of the day. Turning to his contributions to his 

this work was a fundamental study of the profession — it is of immediate significa 

effects of temperature, grain size, and rate of the American Society for Metals that Di 

deformation on mechanical behavior. The nies has been an active member since its { d 

work with aluminum brought in both the newly ing, serving as trustee, treasurer, preside: 

discovered mechanism of precipitation harden- long a member of the finance committe: d 

ing and the curious procedure of modifying the an editorial advisor to Merat PRroGREss si) ts 

aluminum-silicon alloys. Visits to Schenectady foundation. In grateful recognition of 

brought in the work of HluLi on the structure of public and innumerable private services, 

metals and provided opportunity for stimulat- view of his position in metallurgy generally, ); 

ing discussions with Langmuir, DustimMan, Huns, Jerrries’ name is inscribed on the @ scroll of 

and Ruper. At the Wire Works an X-ray Honorary Members. Other societies have lik: 

machine was installed, and with Ep. Barn con- wise enjoved Dr. Jerrries’ association throug! 

tributions on structure were soon forthcoming. contributions to their publications and by 

The important phenomena of the heat treat- timely discussions. For these generous an 

ment of steel were also studied at the Wire unselfish contributions he has received our lead 

Works in cooperation with Bit Sykes. ing medals and awards, and is metallurgy’s 
All this work cut a broad swath through representative in the National Academy of S 

the field of physical metallurgy and the results ences, the worthy successor to this distinct 

issued subsequently as the exceptionally fruit- Hower and Sauveur. Currently he is chairma 

ful generalizations which are so well known of its Advisory Committee to the Office of 1/1 

from the 1924 book, “The Science of Metals”, duction Management on Strategic Metals 

written with Rosperr S. Ancuer as junior author. We have come to the end of our sket 

Again we had a demonstration of an exceptional could discourse further on his work, his s 

ability to organize knowledge and to express cesses, and the like, but, great leader that he is 

ideas with lucidity and charm — to metallur- ZAY’s finest influence is cast by his example. His 

wists, execulives, general audiences ves, and is a living counterpart of the spirit so exquisil 

to fellow travellers in a Pullman at midnight. depicted by Gorrne of the minstrel who, up 
A distinet and highly successful chapter of being presented with a solden chain fe 

Dr. Jerenies’ career was his work in organizing “lorious and appreciated offering, replied to | 

and managing The Carboloy Co. It fell to my lot king: 

lo make the initial demonstration which showed “The golden chain you may retain 

him the possibilities of sintered tungsten carbide Or give unto your vassals: 

tools, though perhaps it would be more correct I sing like the birds sing 

lo say that my vears of association with JErrries That live amidst the trees, 

had so clearly indicated that he would make an The song from out my throat ‘ 

ideal supporter of our new development that I Is reward that richly etc mene 

eagerly grasped the opportunity to show him Some of us know Zay at his home o1 his 

What we had. He was quick to appreciate what work, but many more know him throu 

lav before him and was infected with great many public addresses and appearances al 

enthusiasm for its future possibilities. Here was nical gatherings. There, with no artific 

no place for musty brains or clumsy fingers, and of delivery but with rare beauty and stre! 

Jrvrnies met the challenge of the new enterprise exposition, he literally charms his audie! 

in an able and foreeful fashion. In various he instructs them. Hlowever met, Zay is a 

capacities he was now an executive planning did humanitarian, a completely friendly 

research for the future, now a manager laving and a benevolent guide to his fellow me 

plans for a business enterprise; then a wise vreatest satisfaction comes from the kno 

counselor bringing divergent) viewpoints into that he has helped in life. In private or 

harmony on a constructive program, and again lic he gives freely of himself and his 

a spokesman discussing Carboloy with the pub- qualities stand out for all who will ps 

lic and users. This intensely fascinating work He does not seek material reward, bu 

doubtless had all the delightful qualities of an because it is his spirit to give. “ 
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METAL DETECTION 


By R. M. Brick 


Instructor in Metallurgy 
Yale University 
New Haven, Conn. 


| LOWING the two examples of simple 
metallurgical detection told in the March 
ssue of Merat ProGress, we now go on to con- 


side! the interesting 


Case of the Checked 
(and Double Checked) Copper Plates 


vou're planning to be married and require 

neements and invitations; if you then 

ed new Mr. & Mrs. calling cards; if you order 

Chi las cards with an engraved greeting; for 

Nes d countless other occasions, a flat cop- 

pel e must be obtained with the correct let- 

design cut into an otherwise perfect 

. It doesn’t matter if after the ceremony, 

er plate becomes a card or ash tray or 

even less deserving fate; for the first 

_ | performs, its surface must be free 
fects. 

heavy gage engraver’s copper plates, 

thick, that fell far short of specifica- 

this respect were subjected to our 

microscope. On one surface, deep 

“checks” of from 1, in. to 1 in. long 


rally transversely to the rolling direc- 
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THE MIicRO!” 


tion. The cross-section of the metal plate at 


two of these checks is reproduced in the pol 
» 


ished but unetched structures of Fig. 1 and 
The side of the sheet opposite to the intended 
printing surface contained a few blisters; a pol- 
ished section at the end of one of these is shown 
in Fig. 3. A comparable good plate free trom 
cracks showed the structure of Fig. 4 at its sur 
face, while all plates investigated (good and 
bad) had an interior like Fig. 5. 

Such is the evidence; how can the metallur- 
gical detective interpret it? 

Phe material appears to be tough pitch cop- 
per, Which normally contains about 0.01 
oxygen as cuprous oxide. Examination of these 
surfaces under darktfield illumination or polar- 
ized light changed the color of the embedded 
particles from gray to a brilliant ruby red — a 
positive identification for Cu,O. The amount of 
oxide al the surface of the good sheet was about 
the same as in the center of all the material, 
and corresponded to that usually found in good 
tough pitch copper. The amount present on the 
acute angle side of the cracks in Fig. 1 and 2 is 
obviously much higher; it might approach even 
the eutectic concentration of 0.38 oxvgen, Lhe 
oxide-rich streaks in this region are more or 
less straight or bend to intersect the crack. On 
the low oxide side of the crack the distribution 
of particles indicates that the metal has flowed 
parallel to the crack. This observation suggests 
that the cracks were first formed at an early 
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stave in the rolling process. The depth of the 
oxides indicates they were present in the origi- 
nal ingot slab — that is, they did not originate 
from rolled-in scale. Finally, all cracks seemed 
to be associated with a plane of weakness al 
the discontinuity between high and low oxide 
areas; probably this was originally a= grain 
boundary or dendrite boundary, although now 
at each crack, etching revealed new, small 
recrystallized grains bounded on one side by 
the crack. 

A comprehensive survey of many = speci- 
mens revealed that where a uniform, even 
though high, oxide content surface existed, no 
cracking occurred. A sudden discontinuity in 
the amount present, however, was invariably 
associated with a crack. The opposite surface 
which showed blisters had a structure some- 
what enriched in oxides uniformly distributed. 
Here the cracking was internal; presumably 
expanding gas pressure raised blisters under 
the thin metal skin. 

It would appear that sudden variation in 
oxide content, point to point in the original slab 
ingot, is responsible. Oxide alone is not, for 
oxide is a normal constituent of tough pitch 
copper. Most copper wire is still made from 
cast wire-bars with high oxide content at the 
top surface so that this factor alone is not 
responsible. Probably the small amount of 
hardening agent alloved with engraver’s copper 
increases the loss of ductility associated with 
the presence of cuprous oxide. 

A second factor would be the overhauling 
or searfing of the slabs intended to remove all 
oxygen-rich areas on the cast set surface. If 


the cutting is not quite deep enough to achieve 
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Fig. 1 Crack in Engraver’s Plate 
per. (Section normal to the surface. 


micros unetched and magnified 150 diame 
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Fig. 2 jnother Crack. Note that 
are much more oxide particles on one 


Fig. 3 Blister, Just Below the Smooi 
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face, Rather Spoils the Plate for Engrave! 
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se, the surface would present a duplex 
areas of differing ductility which 
d to separate by checking. The detec- 


ses that this is what occurred here. 


The Case of the Streaky Nickel Silver 


illurgists do not vet understand why 


id alloys have certain colors: why gold 


s yellow, copper red, and brass either vellow or 
red. | silver white. Mysterious was the 
v1 nickel silver sheet (18‘: Zn, 18% Ni, 
ii Ca). which showed slight color variations 


buffed surface, and even more mysteri- 
is was the effect when it was electroplated 
with silver. Silver is not usually considered to 


transparent and the plate deposit was of nor- 
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Cross-Section, Representative of 
Near Center of All Copper Plates 
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mal commercial thickness and probable opacity; 
vet the color variations or streakiness of the 
base metal showed through! The metallurgical 
problem was not to find why the streaks were 
still visible on the plated surface (which might 
be explicable on the basis of minute differences 
in surface levels) but the reason for the streaks 
on the base metal in the first place. 

A plate which had received a 50% cold 
reduction (by rolling) showed streaks afte: 
overhauling (surface scalping) to a depth of 
0.025 in. and pickling. It was sampled for 
chemical analysis by milling along streaks to a 
depth of 0.010 in. and similarly sampling the 
surface between streaks. Analysis of the mate 


rial show ed : 


SAMPLI C1 Ni ZN 
Plate surface, at streaks 64.44 17.77 16.80 
Plate surface, between streaks 64.39 17.94 16.50 
Maximum relative error -+0.02 +0.02 +0.07 


It appears that the streaks are slightly 
richer in the lower melting point components, 
copper and zine, particularly the latter. The 
chemical segregation is thus of an inverse chat 
acter and must have originated in the ingot 
Next, an ingot was similarly sampled and 


analyzed with the following results: 


SAMPLI C1 Ni ZN 
Surface, along streaks 65.66 16.06 17.85 
Surface, entire overhauling 
(0.010 in.) 65.18 16.64 17.70 
Center of ingot 64.53 18.09 16.50 


The analyses confirmed the fact that inverss 
segregation had occurred and gave a better idea 
of the extent of the chemical heterogeneity. 
Furthermore, this was definitely not a case of 
surface exudations caused by an internal gas 
pressure since the ingot was sound and _ the 
entire surface showed the enrichment in lower 
melting point constituents. It was evidently 
caused by interdendritic contraction sucking 
enriched liquid towards the surface. The degree 
of this tvpe of segregation is a function of the 
cooling rate during solidification. Thus the cure 
cannot be stipulated in a few simple words; it 
must be sought experimentally among = such 
variables as pouring temperature, mold = tem- 
perature, and relative mass of metal and mold 

“In this case, Watson”, said the metallurgi 
cal detective, “the micro wasn't useful since 
the alloy is a single phase, alpha solid solution 
Chere was no marked structural variation at the 
streaks with the exception of a possibly less pro 
nounced coring in these areas. That's plausi 
ble, in view of the lower nickel content of the 


inversely segregated material.” S 


Page 579 











TABLE O F 


By H. 8. Rawdon 


Chief, Division of Metallurgy 
National Bureau of Standards 
Washington, D. C. 


Hk TABLE of lattice constants appearing on 
the opposite page is one of three which 
were originally published in Merat Progress 
as adaptations of data contained in) WuLLIAM 
Houme-Rornery’s monograph on “The Structure 
of Metals and Alloys” published by the British 
Institute of Metals. An additional column has 
now been added which contains numbers identi- 
fving articles in the literature which are the 
sources of new values, and the references are 
listed below. In the revised tables new values 
have been substituted for those given formerly 
for 15 elements; values for 114 crystal forms 
not listed in the original tables have also been 
included. 

Many of the new values in the revision were 
taken from the excellent tables of lattice con- 
stants compiled by M. C. Neusurcer (reference 
1). Other values were obtained from articles 
appearing in the literature since 1935. For 
some elements, different values were reported 
in different articles; in such cases, the values 
reported in the article considered best were 
listed. The substituted values do not represent 
all of the values obtained from re-determina- 
tions; only those which are considered better 
than those listed in the earlier tables of Mrerar 
ProGress were put in this revision. 

H. C. Vactter, metallurgist of this Bureau, 
is responsible for this critical review of the data 


in recent literature, and the revisions. 
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CRACKS IN FILLET WELDS 
By E. Helin 


(Abstract of Engineering Foundation’s trans 
“Sprekker i Kilsveiser og Deres Arsaker Let 
Ukeblad, Vol. 87, p. 289, 1940.) 


CRACK-FORMING agents produced by thi 
lurgical processes occurring during fusion weldin, 
consist of slag inclusions, gas pockets, or shi 
age cavities, which may appear simulta 
and increase each other's effects. It ca 
definitely stated which crack-forming ag 
cause a crack in any given case, but ce! s 
predominantly caused by slag inclusions 
supported by the fact that welds free f! 
particles are apparently crack-proof. Wher 
sulphur content exceeds a safe limit the s 
formed may serve as crack-forming age! 
pockets occurring in the last parts | 
assume a shape which may probably caus 
The study of causes is difficult) because 
clusions can be drawn from the appear 
extent of the crack as to where it beg 
to the location of the specific crack-form - 

As dissimilar electrodes and dissim 
rials produce welds with different sus 
to cracks, these metallurgical processes 


taking place between the molten (Cont. 
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CRITICAL POINTS 


By The Editor 


A ER much preliminary arranging, was able 

visit Major Lesume FLercuer in the 
strongly guarded Frankford Arsenal, where he 
has charge of research and control work in 
metallurgy, chemistry and ballistics. The last- 
mentioned department is most fascinating, 
possibly because it is most mysterious to an old- 
school engineer, who finds the multiplicity of 
electronic devices so magical. Ballistic research 
aims to perfect our information about the actual 
happenings within the gun during the explosion 
of the propellant, and about the flight of the 
projectile; thus the design and effectiveness of 
materiel can be improved. A further aim is to 
devise better equipment for 


Ballistic the proof houses, so the rou- 
Researches line testing of ammunition 
at Frankford = may be easier and more 


accurate ..... Measurement 
and recording of time to a millionth of a second 
is of fundamental importance in this work, and 

according to my guide, WILLIAM KROEGER 

a great advance in this respect is the use of a 
crystal “interrupter” that produces a pulsating 
current of rigidly constant frequency as long as 
its temperature does not change. These pulsa- 
tions are counted by a clock mechanism (and 
checked daily by time signals from the Wash- 
ington Observatory) and appropriately magni- 
fied by electron tubes; they are used with 


chronographs to mark time intervals on pho- 


lographic films . .. In ballistics, the changes 
in \ ity and pressure are so violent that ordi- 
na evices cannot follow them accurately due 
te tia and vibrational effects —— hence mod- 
el isuring equipment substitutes the elec- 
tt ' mass infinitesimal and of velocity 

finite ..... 2 (Another discovery of prime 


ice is that a projectile in flight acquires 
of static electricity; this means that 
t can be fired through a pair of short 
coils at known distance apart and 
‘usable amount of current from each 
4. Even the slight obstruction of cut- 


ling a wire or sheets of tin foil is now avoided, 


es Usually “instantaneous” photographs are 
sought, but in studying armor and armor piere- 
ing bullets, a flash of light which dwells for a 
few millionths can record the decelleration of 
the bullet’s base as it penetrates or shatters 
itself. Researches of this sort have not gone far 
enough to permit general conclusions to be 
drawn, but the endeavor is to find some corre- 
lation between the work of penetration when 
the bullet is pressed through the armor slowly 
(as in a compression testing machine) and 
when it is shot through violently at 2000 ft. per 
sec. This suggests a possible laboratory test 
for bullet and armor plate makers, or those 
interested in their improvement. (By the way, 
these hardened steel bullets apparently support 
safely a stress in compression across their body 
in excess of 500,000 psi. during slow pressing 


through armor.) 


To GLENN L. Marrrin’s rapidly expanding air- 
craft plant, near Baltimore, and talked with Cani 
Hamuin, chief inspector, about a series of lec- 
tures on metal inspection before the Western 
Metal Congress and Exposition and concluded 
that the main problem was what to leave out of 
the dozens of important things that might well 
be discussed. Custis Srepuens, who directs 
about 100 men in the receipt, testing and ware- 
housing of all incoming metals, as well as their 
issuance to the plant, told of the extraordinary 
care taken to inspect and identify large bars 
singly, whether of steel, bronze or aluminurn, 

Anything measuring 2 in. 
Sub-Visual thick or more is individually 
Defects in sampled, analyzed, and tested; 
Aluminum disks from both ends of each 
bar are etched. No bar is 
put into stock until it passes such inspection; no 
bar is issued to the plant unless the requisition 
is accompanied by the drawing for the part, 
and receives STEPHENS’ personal approval. In 
this way the materials supervisor checks the 
correct use of steel or alloy in every important 
new job, and thus exercises an important metal- 
lurgical control against mistaken applications. 
Once an airplane Is put into design, most forg- 


ings are bought in quantity; prior to that time, 
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important parts are hand forged to approximate 
shape (rather than machined from solid bar) 
to get a good distribution of “fiber”. For such 
new parts the extra care noted above in prevent- 
ing misapplication is especially necessary 

Until recently every structural casting was 
X-rayed for internal soundness; many small 
ones are grouped on a single film but even so 
About 
600 of over 70,000 aluminum castings appeared 
of doubtful quality (O.865°. 
Air Corps requirement has now been changed 


5000 X-ographs are made each month. 
to be exact) so the 


to require only one-quarter of all receipts from 
approved sources to be X-rayed ..... All steel 
forgings and weldings are magnafluxed. Tiny 
surface cracks on aluminum forgings and extru- 
sions are evident after anodizing — the chromic 
acid absorbed in the defect gradually exudes a 
brown stain..... Interested to find 18-8 corro- 
sion resistant steel in various forms and modifi- 
cations ordered by the carload, and that 16% 
chromium, 2° nickel steel conforming to Navy 
Specification M-286, heat treated to 138,000 vield 
and 180,000 psi. ultimate, is widely used for 
bolts, terminals and forged fittings requiring 
both high strength and corrosion resistance. 


To a “Weld-formation Please” program 
imitating the one radio quiz program most 
worthy of adult minds. The experts were Frep 
PLUMMER of Hammond Iron Works, Ep Sarr 
of Lincoln Electric Co. and Bos Kinkeap, Cleve- 
land consulting engineer, and were wittily 
chairmanned by Grorce Steger of S-M-S Corp.. 
Detroit manufacturer of welding electrodes. 
There picked up the following notes about 

‘welding in defense projects: In 


Welding the Navy, hulls of submarines are 
of Hulls, 100°. welded, of destroyers about 
Armor, 75‘¢, light cruisers from 60. to 
Aircraft 70°¢, and auxiliary ships from 50 


to 8. 
ous armor is being welded in production while 


In the Army, homogene- 


at a mild preheat below the tempering tempera- 
ture. In the Air Corps, the “stored energy” 
principle applied to spot welding is producing 
welds in strong aluminum alloys that meet all 
requirements of Army and Navy specifications, 
and are ready for use on main structural mem- 
(At least 
one large commercial transport, almost rivet- 


bers as soon as designs are changed. 


less, is now in successful operation.) ..... The 


Eprror is informed that this “stored energy” 


welding also reduces the amount of aluminum 





picked up by the electrodes. However 


tions must still be interrupted all too fre tly 
to dress them. It seemed to him that pe 
writer ribbon” of thin copper might be ced 

between electrode a ilu 
Anti-Fouling minum, moved ahead it] 
Device for after each weld, and s Ty 


Electrodes away continually any fou! 
ing particles. WENDELL [lpss 
who is investigating aluminum problerms 

Rensselaer Polytechnic Institute for the Weldi 
Research Committee of The Enginecrin 
Foundation, has tried the scheme and says 


works. The copper should be about 0.003 


thick, to be strong enough vet conform to th 
electrode easily (if too stiff an oval instead of 
a round spot is welded) and very smooth t 
avoid impressing undesirable markings into th 
aluminum surface. Six to eight welds 
0.040-in. duralumin can be made _ before th 
ribbon needs to be pushed free from th 
electrode tip by stripper rods, and notched 
ahead one diameter to a clean, fresh surfac 
Mvucu impressed — in this day of intemper 
ate argument about preventive war vs. hom 
defense, and the predictions by both sides that 
the future is black indeed unless the United 
States does so-and-so by reading the follow 
ing words of cheer from Kari T. Compron, presi 
dent of Massachusetts Institute of Technology 
“Starting with today, we know that Ameri 
is in most respects the envy of every other peopl 
on earth. Often we find fault wit! 


Who this or that condition in our Americ: 
Envies but any useful judgment of Ameri 
Whom? today must consider practical stand 


ards of comparison, and by com 
parison with any other part of the world we hay 
sound reason to be thankful and to have taith 
the future. 

“Natural resources? The most varied and 
abundant of any nation. Comforts of life? By @! 
physical standards — such as heatec and lighted 
homes, silk stockings and fur coats, auto 
and refrigerators, movies and radio, medic re 
and food supply far ahead of any othe! 
Freedom of speech and action? Where els 
world today can you come as near to say! 
you think or acting as you please — as long «> ¥' 
act decently or go ahead just as far 
ability and luck will take you (even grant 
situations are not perfect)? 

“So I submit that America starts tor 
situation that should give us real confi 


tomorrow.” 
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1) PACT AND HARDNESS 


NOTES ON THEIR 


PRACTICAL USE 


By Gordon T. Williams 


Metallurgist, Deere & Co. 
Moline, Hl. 


JT" TENSILE and fatigue properties of 

steels were discussed in the first two articles 
of this series (March and April Metrat ProGress) 
ind we will now go on — more briefly — to two 
more tests of considerable utility in the selec- 
But before taking up the matter 


of impact testing, let us revert a moment to a 


tion of steels. 
couple of points brought out early in these 
irticles 

In the first place, figures for elongation 
ind reduction of area in the tensile test will be 
measures of the capacity of the material to 


deform. The tensile strength and yield point 
indi ability to resist deformation. These are 
opp { properties and stop us from getting 
WI want in the ordinary heat treated piece, 
sl maximum tensile strength and maxi- 
m ld point, combined with all the ductility 
We 


et (even more than that, for “all we can 
“ be very little!). 
tremendous load if properly applied, 


Take glass — it will 
impossible under ordinary conditions 
load in such a manner. If we get the 
bending, it gives up the ghost and 
ot tht then and there. 

imess can be argued about without 


TESTS; 


reaching any solution. We will all agree 
that lead is not a tough metal. This points out 
one characteristic of a definition that may be 
arrived at by the process of exclusion tough- 
ness is not alone the ability to deform. You can 
hammer a lump of lead out into a large piece 
of foil, but that is not a measure of toughness. 
Nor is hard toolsteel usually considered tough 
relative to cast manganese steel, for instance. 
Most of us think of toughness as the ability of 
something to absorb a heavy load before it 
bends and taking a fair bend before it breaks. 
In other words, a tough metal would have both 
high capacity to resist load and good capacity 
lo deform 
These preliminary remarks bring me to a 
consideration of the Charpy or Izod impact 
test, commonly thought of as a means of meas- 
uring toughness. The impact test what value 
has it? I suggest if vou want to get an answer, 
vou pick out your authority and side with him, 
because you can find eminent metallurgists who 
like the test and those who don’t and those who 
take a middle ground. In general, it is agreed 
that the greatest use of the impact test on steel 
is as a uniformity test. Also variations are found 
that way that are not shown in other ways. 
However it is not an engineering test; the 


figures it gives are very close to useless to a 
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designer or metallurgical engineer. In my own 
neighborhood, GLEN Reicer of Caterpillar ‘Trac- 
tor Co. is certain, on the basis of service records, 
that gear steels having high impact values are 
much superior in service to gear steels hav- 
ing low notch bar values. However some 
equally responsible men, ALMEN and BorGEHOLD 
of General Motors Corp. in research work 
reported to the American Society for Testing 
Materials in 1935, stated flatly that the impact 
test did not correlate in any way with rear axle 
gear life. In their opinion, gears fail from 
fatigue; therefore the correct procedure is to 
design a gear so it avoids stress concentrations 
by having generous areas of tooth contact and 
adequate fillets at the root. If that is done then 
numerous steels will give adequate hardness 
and strength, and the choice would fall to the 
cheapest one that will harden properly and with 
the least distortion, 

Impact tests are made by breaking a speci- 
men with a sudden blow. Specimens can be 
broken as beams, either striking their center as 
they are supported at the ends, or fixing in a 
vise and breaking off the protruding end. The 
former is the principle of the Charpy test; the 
latter of the Izod test. (Memo: we say Eye’-zod, 
with a long I, but the Englishman who origi- 
nated the test calls himself Iz-zod, with the short 
vowel sound.) 

Also, there is the “tension 


Fig. 1 Pendulum Type of Impact Machine at Jones & La 
Development Laboratory. The Izod sample is fixed in the vise 
men is shaped very similar to anvil below, and the pendulum its raised ready for the swinging 


impact test” where the speci- 


but shorter in gage length than 
the ordinary tensile specimen 


and carries a block at its end 





coincide fairly well with those from 
single blow specimens. If it takes a lot « 
it becomes a fatigue test. 

The early form of impact test 
blacksmith’s hammer. Somewhat mor: ' 
in form, this persists in the American 


Engineering Association’s drop testing | 


A tup weighing 2000 Ib. with rounded ’ 
dropped on the center of a short piece ra 
placed head downward on supports 4 ) 
resting in turn on ai spring cushion bas 
weighing 10 tons. The specified height dre 
depends on the weight of the rail; for an 


rails weighing more than 121 Ib. per yd. musi 
withstand a 22-ft. drop of tup without fractur 

The modern impact testing machine uses 
a carefully prepared small specimen and breaks 
it off sharp. (If the specimen does not breal 


merely bends over, the results are nol con 
parable.) Figure 1 is a view of one. A heavy, 


hammer head is pivoted on a stout arm. It js 
released from a certain height and strikes |! 


specimen on reaching dead center, breaks 


swings on past and rises to a height on the 


side which is measured and compared with 
original position. The difference is a measur 
of the amount of energy required to break 
sample and brush the fragment aside (plus {! 


instrumental friction). 

















which strikes a stop as the fall- 
ing hammer carries the front 
end of the specimen along and 


fractures it on the shock. 











Lastly, “torsion impact 
specimens” are used for hard 


toolsteels where the piece is 













broken by engaging suddenly 
a high velocity wheel; the fly- 
wheel velocities before impact 
and afterwards are noted and 


the energy consumed in frac- 












ture may thus be computed. 


Test specimens may be 









broken by one blow or may be 
broken by repeated blows. It 
has usually been found that if 
it does not take many blows in 


repeated impact, the results 
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les used are various; typical ones used of ink he-th T 
: aad : culo 10 )zyee 
a are shown in Fig. 2. The top one is Standard izod Notch. ‘ 
{ tension; one end is screwed into the mat 
e pendulum; its other end carries a 
{ a . i 
or stop which is too large to go between presets ee 
> ° one ° colo PI -L0 Souere Vets 
( lards of the machine. They strike and ver t 
eit! p the pendulum or break the speci- O15?*—+ 
me me testing engineers favor this type of Tt 
‘ —— ; ’ 0415" 
ed sample because it eliminates uncer- 8 to9Ft-lb 0039"radiys 
ii ‘bout the sharpness or condition of the 
° ° . ° 0157" co - 
ot ikewise it is adaptable to impacts under 
: er . T 
high ity, as in the ballistic studies. an 11 Fe-tb 0315" 
second and third represent 10-mm. square ac t 
Charpy specimens. These are supported at the 00?79"ravius 
ends a span of 40 mm. (1.575 in.) and struck 
. eh e > tp f) 274" 
opposite the notch on the smooth side. The one 1 to 1? Ft-lb mi 
marked “Alternate Charpy Impact Specimen” is 
, ‘ ne 0.178 “radius 
in AS.TLM. standard, except that it should be 2°. 
ayes , T 
n. long. A.S.T.M. standard Izod specimen is next I zI68 
/ O31: 
' . ; . 13 to 14 Ft-lb 
to the bottom; the long end is fixed in the vise > a 
vertically, the notch just clearing the top of the 0157 "radius 
iWS rhe bottom specimen containing three Fig. 3— Pieces of S.A.E. 2345 (medium carbon 
notches is drawn to smaller scale; actually it also 3.5% nickel)—a proven steel for heavy duty 


sa 10-mm. square bar. 


quenched and tempered fo Rockwell C-55, may 
absorb from 2.5 to 14% ft-lb. on fracture, depending 


When these pieces are broken in the pre- on type of notch. (From “Republic Alloy Steels 


scribed way, the results (expressed as ft-lb. of 


energy absorbed in the work of fracture) measure 

















a particular property, namely, the 


effect of a notch of certain shape on 
























































- /¥a >| Fig. 2—- Typical Impact the energy absorbed by a_ 0.391-in. 
-< eo: ne Sy —___.ie-— 1/5 <a S oy , 'eg ; : . . 
no ve Specimens Used in wide specimen on being broken by 
veo AA ‘ imerican Laboratories ‘ck bl The I 7 
= . a quick blow. 1e¢ Izod is more com- 
== IN 2 | in thi 
| monly used in this country than the 
YYYYYVY 1 . . 
Impact Tension Specimen Charpy, which is the European favorite. Square speci- 
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the variations possible in the speed of a swinging 
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tup seem to introduce no error. 

Second is the effect of tem- 
perature. This is so great that 
the variations in laboratory room 
temperature may be of impor- 
tance. If 70° F. is understood, 
the temperature should vary no 
more than + 5°. Many steels are 
relatively tough at summer heat, 
but quite brittle at sub-zero win- 
ter cold. Tests at 70° F. should 
then be compared with tests at 

6° F., rapidly made after cool- 
ing ‘n an ice-salt-water mixture. 

Third is the shape of the 
notch —a most important effect, 
as clearly shown in Fig. 3. These 
impact bars are of standard cross 
section, made of S.A.E. 2345, fine- 
grained steel, hardened and 
drawn to Rockwell hardness of 
C-55. Using the regular V notch, 
we get readings of 2'6 to 3 ft-lb. 
sy increasing the radius at the 
root of the notch and finally com- 
ing to a nice full radius, we get 
up to 10 to 14 ft-lb. for the iden- 
tical steel. 

This merely emphasizes the 
desirability of extreme precision 
of shape and surface at the root 
of the notch. The kevhole notch 
(despite its less common use in 
America) is praiseworthy on 
account of the relative ease of 
drilling a precise hole at a pre 
cise position. Tool marks are in 
such a direction that they have 
least effect. The hole should be 
tightly plugged with wire during 
heat treatment and while saw- 
ing or grinding the slot, so that 
the round surface may not be 
changed or bruised in any way. 

The greatest authority on 
this test is Dr. Sam Hoyr of Bat- 
telle Memorial Institute. We had 
him up to Cleveland Chapter @ 
to talk on this specialty, and | 
was Introducing the speaker that 
night. He began by reprimanding 
me; when the program commit- 
tee sent out the announcement, it 
said that he was going to talk on 


the impact test. “No such thing”, 


Fig. 4 Sequence Showing a Pendulum 
Striking a Transparent Specimen of 
Glyptol, Photographed in Polarized Light 
to Show Stress Concentrations, and at a 
Speed of S00 per Sec. Photographs 
courtesy of Bell Telephone Laboratories 


he said, “I will talk about the 
notch bar test!” So we should 
call it “notch bar test”. Many of 
his ideas are contained in the 
article on that subject in @ Metals 
Handbook. 

This Handbook article 
emphasizes what should be 
emphasized, namely, that the test 
does not measure some funda- 
mental quality of the metal such 
as the cohesive strength, or even 
its inherent resistance to propa- 
vation of a crack, but merely the 
energy absorbed in breaking a 
sample of a steel when tested 
under a specific set of conditions. 
It may be regarded as a check 
test to verify the quality of a steel 
that gives a good account of itselt 
in the tensile and other tests. 
Especially will this be true if 
vood figures are given in more 
than one impact test, as_ for 
instance at 70° F. and at 6” F. 
Likewise it is useful to compare 
results on the Izod and Charpy 
kevhole test bars. If the steel ts 
tough, the Izod value will be 
vreater than the Charpy because 
there is more metal to be broken; 
if, on the other hand, it verges on 
notch brittleness, the reverse will 
be true for the O.O01-in. radius at 
the bottom of the V notch is more 
damaging than the l-mm. radius 
at the kevhole. 

Another good comparison is 
between the standard Charpy 
kevhole specimen and one of 
double width. Theoretically the 
double width bar should absorb 
less than twice as much energy 
as the standard, but tough steels 
actually take nearly double the 
energy. The Handbook article 
vives a good example of one that 
did not, as follows: 


Medium carbon steel forgings 
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were tested after two heat treatments, each giving acceptable tensil 
and hardness value. Both gave ¢ harpy values of 15 ft-lb. (standard 
bars). When double width bars were tried. the forgings from one heat 
‘reatment gave 30 ft-lb., the other only 7—— and the latter was if 
thing softer and more ductile in the tension test. The former heat 

ment should be used for the more severe s« rvices, 

I will close this subject with the interesting movie frames of an 
impact test on an unnotched bar of plastic (Fig. 4) and two references 
to informative recent articles on subjects merely mentioned above 
One is by Maxwett Gensamer in July 1940 Merat Progress on “Static 
Crack Strength of Metals”, and it really should be read before one can 
get a good understanding of the early paragraphs of the @ Handbook 
article on notched bar testing. The other is by Roserr Rose in April 
1940, page 407, where he discusses the toughness of toolsteel and the 


evaluation of the torsion impact test on hard metals 


Hardness 1 esting 


Il want to speak briefly about hardness testing. My remarks can be 
brief because it is the commonest physical test made. Everybody knows 
how to do it. 

Hardness resistance to penetration is most generally useful, 
although it does not tell us ordinarily what we need to know. Ordi 
narily we don’t care to know the hardness; what we are after is a 
given strength and a required wear resistance Fortunately the hard 
hess is a very useful guide and ties right in with tensile strength. Thus, 


take the Brinell hardness, divide by 2, add three ciphers and you will 


have the tensile strength, just about. Hardness also ties in pretty well 


with wear resistance. 

Probably few who read this can realize that some of the early 
meetings of the &, less than 20 vears ago, concentrated on the new and 
useful method of measuring hardness the Brinell test. In the inter 
vening vears other equipment has been widely used. Most of it uses 
the Brinell principle, namely, pressing a hard accurate ball or cone into 
the surface to be measured 

Brinell’s machine uses a 10-mm. ball, 3000-kg. load, and measures 
the diameter of the impression, to which the “Brinell hardness” is 
related. The ball used is hardened steel, and deforms slightly (or 
seriously) when measuring heat treated steel. Consequently tungsten 
carbide balls are used for hardnesses above 600 

The Rockwell machine uses a diamond point (or a small steel 
ball) in such a manner that the depth impressed by a standard load 
produces a dial reading 

The scleroscope is, in my opinion and experience, not very useful 
except where you can't use anything else. It is difficult’ for the 
untrained operator to use, but on the other hand is indispensable for 
use on chilled steel mill rolls and for other parts that are too hard or 
too brittle for penetration tests or too large to be brought to a pres 
sure machine. It contains a diamond tipped hammer that rebounds 
after a fall from a certain height; the rebound is noted and reported 
It measures a complex combination of properties, probably depending 
on the elasticity of the material. 

The Vickers hardness testing machine used in aircraft industry 
originated in England. It is a splendid hardness test rather sensi 
tive, and more for laboratory or precision work than for knocking 
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about a test bench. It uses a small diamond 9-point ranges all the way from C-65 


impressor and the load can be selected so as to C-25 to 30. These files, with grou 
produce a square impression of the size desired, points, are very useful for shallow or 
whose diagonal is measured by a microscope. surfaces, which you can’t test otherwis: 
It is closely related to the Brinell test. hardness of a piece is supposed to be | 
The Monotron machine has many admira- C-30, vou may take one of these files | 
ble characteristics. In it the load required to to C-30 and trace across surface. If | 
produce a given penetration is noted. any soft spots vou will find them. 
In the hands of a workman who will use The selection of the hardness 
it carefully, a test file is an extremely use- dependent on the amount of damage 
ful tool. Voday there are probably more gears be tolerated on the surface. If it is h 
tested with a file than with any other instru- ished, we may test only a few pieces 
ment, because it actually tells more about wear scrap them. How this works out is as 
resistance and associated characteristics than A Brinell impression on a heat treat 
any penetration hardness test. Testing files 340 hard is 0.010 in. deep and 4g in. di 
ordinarily are hardened to about Rockwell C-65, The Rockwell impressions for that sam 
but frequently heat treated alloy steels of lesser ness will be about 0.005 in. deep and ab 
Rockwell hardness will resist the file. Harry in. diameter. The “Superficial” Rockw R 
McQvuaw believes that file hardness is necessary light load instrument designed for 
for good resistance to heavy abrasive wear, pieces or very hard materials; the depth of 
irrespective of any other measurement. It is impression will be about 0.002 in. and 
true that a steel with much retained austenite eter 0.003 or 0.004 in. 
will be relatively soft to an indentation test, but Everyone should know that the impress 
file hard; in such a steel the austenite changes must not be deeper than one tenth the thicl 
to martensite by pressure and high local tem- ness of the part being tested, else you'll 
perature developed by friction, thus automati- “anvil effect”. The heavily loaded Brinell tes 
cally hardening itself. should be limited to pieces % in. thicl 
As a variation to the standard file test, it is thicker. On the other hand, material lik: 
very useful to take standard files and temper iron with a complex structure including la: 
them to various Rockwell hardness readings by flakes of graphite, should be tested with a px 


Fig. 5 Testing the Hardness of a Forged Connecting Rod With a Monotron, 
Photo by Van Fisher at Steel Improvement and Forge Co., Cleveland 
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covers a fairly large area of metal. 
esting of hardened surfaces brings up 
m of “breaking through”. To illus- 
a slightly tapered wedge of steel was 
ned to a fair depth and then ground 















i ast 
an it nted parallel sides. The test face thus 
rad went through the case, showing all 
eff om a deep case (0.060 in.) to no case. 
~ Monotron-9 Divisions 
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Depth, In—> 
Fig. 6 Taper-Ground Case Was Tested, Step by Step, 
With Different Instruments. Heavily loaded Brinell 
! broke through lighter cases and indicated much 
softer metal than did the lightly penetrating Monotron. 
Do not draw conclusions about thin and thick whole 
ses from such tests as above on taper ground cases) 


brinell hardness impressions were then taken as 
closely spaced as possible, Rockwell hardness 
tests similarly, Monotron readings 
with 0.0018 in. penetration, and 
finally Monotron with only three 
divisions (0.0006 in. penetration). 
Chen we pro-rated the numbers from 
hardest case to softest core and plot- 
ted all to the same proportional scale. 
rhe result is shown in Fig. 6. 

The load of 3000 kg. caused the 
Brinell ball to break through the 
lighter case depths, and so the Brinell 
reading indicated softer metal closer 
lo the original surface than the hard- 


with only three. In other words, if you want to 
test casehardened pieces, you must use a test 
that does not break through the case, else you 
get a combination of case and core properties. 

Various steels have various properties at 
equal hardness. Therefore hardness does not 
tell the whole story. I mentioned the rough cor- 
relation between Brinell and tensile strength, 
and this is a very fortunate thing. There are 
tables available for this translation, as well as 
to convert Rockwell into Brinell, scleroscope 
into Rockwell, and so on. Fortunately on fairly 
uniform material, the conversion is reasonably 
accurate. One of the best is the data sheet, 
p. 428 Mevrar ProGress for October 1910. 

In conclusion, | would show in Fig. 7 a fail- 
ure by “Brinelling™. It is a view of a tractor 
transmission gear, after it had been sawed 
along its axis and lightly etched to show forg- 
ing flow lines and depth of hardened case. It 
was an idler gear which runs on roller bear- 
ings on a carburized and hardened shaft. 
When this gear came to me for check, my first 
reaction was a profane ejaculation. Next | 
wondered how it happened. We see, by exam 
ining the photograph closely, the case was 
seriously worn away in the roller paths. For- 
tunately, the service data were fairly complete. 
I had a sample of the oil, and it was loaded with 
dirt. Here is what happened: It was a good gear, 
but the oil was so dirty that the bearings wore 
away the case to the point where the case was 
no longer thick enough to support the impact 
load, and the rollers actually hammered in! @& 





hesses own by the other instru- 

ments \ockwell C-scale tests were 

begin to break through at heavier 

Cases the Monotron, but much 

a the Brinell, because of the 

em : : ‘iia 

ies ite cao rs ree. <i oe oe — eT ee vannsalhtesorn 

mene : ‘ Finally the Case Was Worn so Thin il no Longer Could 
oner than the Monotron Carry the Impact Loads, and the Rollers “Hammered In 
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PRODUCTION OF STRATEGIC STEEL 


larger ladles, and thick ladle bottoms. 
= construction seemed to be of most im 
Reporied by John G. Dun wai der to immrove roof ae . 
Republic Steel Corp. OWE VEE (oT ee _— a spies 


Warren (Ohio) District roof has been tried, but it is not entire satis 


factory as the checkers plug up bet 
maximum life of the thicker roof is : 


Medium thick, 12 to 15-in. rib roof ial 
PENHEARTH men look forward to the appears to be most advantageous. 
annual conference sponsored by the Amer- Insulation below the floor level has be 
ican Institute of Mining and Metallurgical Engi- tried and has generally been quite satisfactor 
neers, for it is the one time during the year Insulation above the floor level has not be 
when they can talk shop with a large group of decided improvement except to prevent infill 
men who speak their own language. The 1941 tion of air. Insulated roofs save some fuel, b 
session in Chicago did not disappoint these are more troublesome to repair. In some shops 
anticipations; under the able leadership of Leo where furnaces were insulated all over, abo 


Reinartz the affair was beyond the average. 15‘. fuel saving has been reported, althoug 
Unlike the meetings held in the past, the topics there was no gain in roof life or tons produ 


centered on the vital problem of how to produce per hour. 


enough steel for the national defense effort and The patented “Crespre bottom installaty 


how to conserve the strategic materials used in deserves attention. As first originated by 
openhearth carbon and alloy steel. inventor, it is a dolomite bottom without bind 
A pleasant additional feature was_ the made by mixing fine powder and coarse ( 
announcement that the first MeKune award size) dolomite, packing it in firmly under p 
paper was by Henry J. Forsyru on “The Role sure to conform with the contour of the ordi 
of the Ingot Mold in the Control of Semi-Fin- bottom. After this the furnace is heated and 
ished Surface on Killed Steels”. Mr. Forsyru smooth marble-like surface is produced, ¥ 


pointed out that a good mold coating is very to be charged without any additional 


essential to decrease surface defects. Tar- Crespie dolomite bottom was developed 
coated molds decreased preparation cost 35° European dolomite; some of our Ameri 
over uncoated molds. Molds tarred over 230° F. can be satisfactorily used for this purpos 
were considerably better in this respect than lowing is the chemical analysis of dolom 
those cooler when coated. different sources: 


Age of the mold is the largest single factor AMERICAN Trauian 

in determining the amount of surface defects MgO $6.25 35.12 
, : CaQ 57.00 54.47 

produced on billet surface. Best results were eo ee a 3 95 
obtained from molds up to about 69 pours. SiO. "425 2.21 
Bevond this, there is a gradual rise in defects Ignition loss 00 0.54 
until the mold is scrapped. Increase in the Lining of openhearth furnace do 
preparation cost at the end of the mold’s life is monolithic refractories means a high 1 
approximately 50°. over that at the beginning. but is economical both of material and 
Soaking pit practice is another important item. the end because of its long serviceabl 
There is a gradual decrease in the preparation comparative test showed that a monoli 
cost with an increase in soaking time per hour lasts 12 to 13 times as long as a col 
of steel held in mold. brick lining. 

Refractories — The drive toward increased In discussing the thickness of b! 
production does not help refractory life in suitable for the construction of openh 
either furnace or ladle due to the bigger heats, naces, it was the consensus that 3-in 
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advantages than 24%-in. Most Ameri- 
s have been using 3-in. brick during the 
years. 

mfortable ending of the refractory dis- 
was the brick manufacturers’ comment 


t] vy had increased their capacity 25° in 
14 d another 50% in 1940, so that they feel 
the ll be no shortage of refractories and 

ore to meet the peak production of 90 


mil tons of steel per year. 


Conservation of Manganese 


discussion of the strategic metal manga- 
nese was led by Cuarves H. Herry. He pointed 
out that the consumer has an important role, for 
he must accept a lower manganese content in 
his steel. Over-all consumption in the steel 
ndustry is 124% lb. of manganese per ton of 
steel produced, but a larger proportion is con- 
sumed in sheet steels which specify 0.30 to 0.50% 
Mn than in alloy grades which specify manga- 
ese up to 1.30%. Therefore a five-point drop 
n the manganese specification for sheet prod- 


its will decrease the national consumption 2 


Spiegel or silico-manganese instead of fer- 
romanganese is unsuitable for rimming steel 
erades under 0.15° carbon, but it is for higher 
irbon killed or semi-killed grades. Spiegel can 
be added in the furnace in order to raise the 
residual manganese, thereby decreasing the fer- 
romanganese addition to the ladle. In_ this 
practice the temperature of the bath should be 
little hotter and the steel has to be in the 
furnace longer than when using ferros; specific 
details must be adjusted to suit local conditions. 
‘erromanganese can also be saved by adding as 
ch as possible in the ladle and as little as 
ossible in the furnace; in some shops 5 to 7% 
ecovery resulted from this change in 
ract The amount of ladle addition can be 
d to the point where the ladle analysis 

eg show irregularity in manganese. 
se of high manganese pig iron is help- 
dlucing high residual manganese, but 
ial manganese depends a great deal 
py ondition and volume of the slag. One 
t the slag volume too much when mak- 
irbon steel because of the danger of 
is reversion. High manganese rail 
be used in place of spiegel; however, 
dom available, for scrap rails have a 
for re-rolling and for cupola melting 


st cast irons. 
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Chromium Availability 


Several companies have experimented with 
Chrome-X and their recoveries were very favor- 
able. As noted in Merat ProGress “Critical 
Points” in June 1940, this is a mixture of cal- 
cium, chromium and iron oxides, briquetted 
with silicon metal in such proportions that the 
substance starts a silico-thermic reaction when 
thrown into the furnace or ladle, and generates 
within itself enough heat to melt the resulting 
chromium and iron and the calcium silicate 
slag. Some users recovered 96 to 97° of the 
chromium by placing it at the bottom of the 
ladle. It appears, therefore, that Chrome-X can 
be substituted successfully for 60 to 65° ferro- 
chromium. Since we apparently have enough 
chrome ore to manufacture it, there should be 
no fear for the shortage of chromium for the 
ordinary alloy steels. Quite a variation was 
reported for the recovery of carbon from 
Chrome-\X, the figures being from 0.06 to 0.12% 
carbon for every per cent of chromium reco, 
ered, depending entirely on the grade of steel 


and local conditions. 


High Iron on the Charge 


The outlook for suflicient tonnage of good 
melting scrap is not promising. Replacing scrap 
with hot metal will increase production by 
decreasing the time out for charging. However, 
more hot metal naturally increases the total 
silicon charged in the heat; part of this excess 
is flushed off by charging ore with the scrap 
This will avoid excessive limestone charges 
which slow down the heat. 

In this connection an interesting talk was 
given by P. R. Nicnoits and J. R. Brapy on 
“Desiliconization of Basic Pig Lron by Roll Scale 
and Its Utilization in the Openhearth’. Roll 
scale was added in runner and in ladle to about 
75 Ib. per ton of hot metal. Analysis before 
treatment was in a range of O.SO to 1.20%. Si, 
1.50 to 2.00% Mn. After treatment there was 


15‘: decrease in silicon and 30°. drop in man 
vanese. Approximately 56°: of the metal in the 


roll scale went into hot metal which represented 
about 1.8¢ increase in vield. The temperature 
of the hot metal treated does not seem to change 
much, but the original temperature should be 
close to 2750" F. at least above 2650", 


the 


By using such desiliconized hot metal it 
openhearth, the limestone charge can be reduced 


from 6.0% to 3.5% with the corresponding 


Page 593 








decrease in slag volume. Time of heat was also 
decreased on the average about 1.25 hr. and the 
tons per hr. increased from 9.3 to 10.0. Although 
there was a high drop in manganese (from about 
1.75 to 1.10%) there was only a 0.04% drop in 
residual manganese, and the quality of the steel 
is entirely satisfactory. 

In discussing the conservation of hot metal 
temperature between blast furnace and open- 
hearth, most were of the opinion that a mixer 
car has a considerable advantage over open top 
ladles. Some measurements showed approxi 
mately 100° F. saving in temperature during 


transfer. 
Operations and Operators 


A large proportion of our steel is produced 
with 1930 equipment. Well-planned operation, 
repair schedules and improvement in details 
bring a maximum return with the least waste. 
Since the scrap situation is becoming worse, 
charging must be improved in order to boost 
production. One shop, with 100,000 tons monthly 
capacity in 15 furnaces, increased actual pro- 
duction from 98,000 tons to 125,000) tons by 
doubling the size of the charging boxes (from 
20 to 40 cu.ft.) and installing a faster and 
stronger charging machine. The improvement 
was due to eliminating congestion on the charg- 
ing floor and cutting the charging time. In 
another shop, bundling of sheet scrap reduced 
transportation hazards and charging time. 

Use of blown metal also increases produc- 
tion; in one case the use of 16 to 32° blown 
metal increased production 18 to 28‘ 1‘< for 
each per cent of scrap replaced. Successful 
duplexing of converters with openhearths 
requires a rather special plant layout and rapid 
transfer of blown steel, else the advantages are 
lost through delays in one shop or the other. 
Under certain combinations of supply and price 
it may become economical for some idle besse- 
mer departments to resume, and to cast small 
ingots, later to be used as heavy melting scrap. 

Another item of importance is the training 
of personnel. A rapid expansion in steel pro- 
duction has made it necessary to train first help- 
ers, particularly where the furnaces are 
equipped with central instrument panels. — It 
was found that the maximum benetit from these 
instruments cannot be obtained until the opera- 
tors understand thoroughly how to handle this 
equipment. In one shop the applicants for first 


helper are examined to reveal their ability to 


vrasp the problems of openhearth operat 
construction. After passing this exan 
they are given a three months’ training 


under an able first helper. 
Problems of Quality Contro! 


Slag control was again a subject fi 
discussion. All present agreed on the 
to be derived from slag control on qu 
well as on economy as related to the c 
tion of alloy and decreased rejections. 

Temperature control in the openly 
still an art. Some have tried a photo 
cell sighted on a tube-end which is sub 
in a bath, but this device is still in the 
mental stage. However, each shop has 


idea of “hot” or “cold” to indicate relat 


Vely 


efits 


ectri 


| 
rved 


( Apel - 


iS OW] 


tem 


perature. The following are usually considered 


to be most suitable for each grade: 
killed steel, “Hot” mainly to eliminat 


sions: (b) for semi-killed steel, “Mediun 


or skulling point; (c) for rimming steel, “ 


(a For 


inclu- 
1 Hot”, 
On the 


Hot Side’, but not too hot to interfere with rim 


ming action. 

The quality restrictions placed on ri 
steel for deep drawing uses are: 

1. Avoid ore heats or heats with flush 

2. Avoid soft heats or late hot metal 

3. Avoid low oxide slag 

1. Last ore not closer than within | 
tapping — or even within 2 hr. Heats wit! 
boil are generally avoided. 

>. Residual manganese is satisfactory 
0.07 to 0.15° 


Manufacture of Shell Steels 


In the manufacture of shell steels, 
lowing points appeared to be most in 
and were adhered to by most of the n 
turers: 

1. Hot metal charge is approximate] 

2. Good scrap is used, avoiding meta 
ing copper, tin and nickel. 

3. Limestone charge is 8 to 10 
lime during the lime boil, if necessary. 

t. Silico-manganese or spiegel 
manganese is used in the furnace; som 
third of the aluminum is added in the fu 

5. Lime-silica ratio is from 24 | 
min.): FeO 12 to 15° 

6. Aluminum addition is governec 
size, but as a rule shell steel demands | 
to improve machinability. 

7. Pour in big-end-up, hot top m 
| to 2 hr. after pour. 
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Ww! Stepless Throttling Control 


ctric Furnaces: « 


jioning Controllers provide the solution for 
difficult problems of temperature control. They 
self-contained, as illustrated, and require no 
hanica! or electrical balancing mechanisms to 
ion. 

portioning Control System continuously varies 
in proportion to the heat demand. As shown in 
low, a proportioning band—which is usually 


“ess than of the scale length—is established at any tem- 
rerature I point selected. Until the temperature indicat- 
ng poin rs the proportioning band, 100°o electrical input 


; maintained to the furnace. Within the band, the input is 
hrottied —tm proportion to the distance between the indicator 
sinter and the temperature setting index—by varying the 
atic of ON time to OFF time. Between the 100° input at 
he low side of the band and 0°o input at the high side, the 
atio of ON time to OFF time is continuously and steplessly 
ariable. 

‘roportioning Control can be incorporated in any Wheelco 
Radio Principle” Temperature Controller, to provide instan- 
aneous, stepless control. 


‘or additional data, write for Bulletin No. D2. 


Proportioning Control * 





























* Proportions Heat Input 
to Heat Demand 


* Controls Temperature 


* Indicates Temperature 
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™“ ELECTRIC FURNACE 


“Wheelew Instruments Co. 


1923-33 S HALSTED STREET ° . CHICAGO. ILLINOIS 











Executive 
Ch: 
intendent of the 
sion ot the 
department, 
Ca.. 
Davis 
Milwaukee. 


John R. 
Youngstown Sheet & 


Kildsig © has left 
Tube Co. to 
laboratory 


ERSONALS 


position as 
metallurgical 
department of the Allison Engine 
Div., Motors 


Indianapolis, Ind. 


accept a 
assistant in the 
member of the 
Peoria 


C. H. Lage, 


Committee, General Corp., 
ipter &, has resigned as super- 
mechanical divi- 

Peter L. Calamari @, formerly 
with the War Department, has 
been appointed testing surveyor 
with the Bureau of 


Shipping in Cleveland. 


tractor planning 


Caterpillar Tractor 
to accept a position with the 
Machine Co., 


Thompson American 








ey wuarts 
SOL VOL \ 


LIQUID CUTTING COMPOUND 


——r—S 





THIS LATEST 


Stuart Dil 


DEVELOPMENT 
IS DOING IT FOR OTHERS! 





HE rapidly increasing use of carbide and other high speed tools em- 
phasizes the immediate importance of this original type of cutting fluid. 


STUART'S SOLVOL Liquid Cutting Compound was developed especially 
Where operations run “too hot” for properly 


and where ordinary soluble cutting oils 


for this exact condition. 
applied straight cutting oils 
or soluble paste compounds fail to produce satisfactory finish or tool 
life — that’s the place for this original Stve"t Dil development in emulsi- 
fying cutting oil! Put it on the job quick and watch the improvement. 


WIRE TODAY for working sample 


To assure proper application please tell 


FREE to any industrial concern 
working on defense orders 


us name of part, stock, machine and cutting operations. 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 


Chicago, U.S.A. . LIMITED * ‘Est. 1865 


Worehouses in All Principal Metal Working Centers 
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Major Fred M. Reiter for- 


merly industrial gas 


heer, 
aw ) - - 
Dayton Power & Light and 
past secretary of the ivton 
Chapter @, has conclu: the 
course of instruction in th Army 


Industrial College in Was gton. 
D. C., and has been assicned to 
duty in the Pittsburgh C) emiea| 
Warfare Procurement Disiriet 


Transferred by North Ameri- 
can Mfg. Co., Cleveland: H, ¢ 
Beik @ to the Chicago office as 


sales engineer. 


F. Scott Laycock ©, formerly 
with Michigan Steel Casting Co 
in Houston and Spokane, is now 
superintendent of foundry, Walia 


Walla Machine & Foundry Corp 


Charles E. Lynch @, formerly 
chief inspector of Crucible Stee 
Casting Co., is now in the machine 
shop of West Steel Casting Co 
Cleveland. 


T. L. Haines ©, 


Chicago district manager for Wm 


formerly 


Jessop & Sons, is now salesman 

in the Chicago office of \ ascoloy- 

Ramet Corp. 
Gordon Wheeler, formerly 0! 


Wellesley, Mass., has _ bee! 


appointed sales manager of the 

Sentry Co., Foxboro, Mass 
Additions to the stall of Gen 

eral Alloys Co., Boston: Roger 


Sutton @, director of engineering 


and metallurgy, formerly meta 
Chrysler Cor} 


ntend 


lurgist for the 


Roger D. Carver, super! 
formerly superintendent ste 
foundry, Ross-Meehan Foundries 
L. M. Lindsey, engineering & 
manager, formerly with Surla 
Combustion Corp. Hal G, Chas 


@. assistant to the president, has 
Boston of! I 
his western territory to p 
with the defense prog! 


come into the 


W. J. 


as senior 


Jeffries @ has g! 
material « 
Bureau of Ships, Nav; par! 
Washington, | 
inspector of Ph Iph 
District, U.S \ 


ment, 
chief 
Ordnance 























st was no factor — Yet a low cost 


folybdenum Steel proved the best. 


ach steels are worth investigating 





sses and severe weight limitations make good fatigue strength. It is weldable by any process 





materia! specifications for airplane structural parts and welded parts can be used without subsequent 

and { s exceedingly strict — which explains the heat treatment if necessary. 

wide t Chromium-Molybdenum (SAE X4130) steel. Write for our free publication, “Molybdenum in 
- it | has an excellent strength-weight ratio and Steel” for complete technical information. 

CLIM FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 


OXIDE—BRIQUETTED OR CANNED @© FERROMOLYBDENUM #© CALCIUM MOLYBDATE 


Clima + | n mi pany 
500 Fi . rk City 
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S. L Gleason &, formerly with the Houston, Texas, « an 
p E | Od a O NAL _ Menasco Mfg. Corp., is now metal- welding consultant and ees 
lurgist for Century Metalcraft at Washington, D. C. 


Mtg. Corp.., Los Angeles. 
Karl Wentzel © ha ns 
ferred from the met: 


A. J. Carruthers, scretary- 
peers sei . R. S. Marthens &, formerly 


treasurer Springfield Chapter ©, scaiiiiiaiiiiey. all Winn Waa agelal wa gica 
formerly supervising engineer, Ge: a Divisi uae I os en division, U. S. Bureau of Mines 
Merchandise Engineering Labora- oe — ee ae to the Naval Aircraft Factory | 
inion, ‘Wadtledtianes Wlediiie & pointed staff assistant to the man- Philadelphia as metallu 

Mis. Co., Rest Secingicld Works, *O% % Se Canton Ordnance 

. ; ; . oe. Division, Edwin M. Sherwood &. for. 
is now research engineer, Green- : 
field Tap & Die Corp., Greenfield, Appointed by Lincoln Electric —'™€T!Y @ fellow of Battelle Memo 
Mass. Co.: B. J. Brugge G, formerly in rial Institute, is at present a 


instructor in the department 
physics at Oberlin Colles 





Promoted by American Brak 
ROTOBLAST CLEANING Shoe and Foundry Co.: John A 
Fellows @,. from foundry meta 

Increased Production at Lower Cost lurgist, American Manganes 


@ The Pangborn Airless Rocker Barrel—in Steel Division, Chicago Heights 


sizes from 3% to 28 cubic feet load capacity 
—with or without automatic loading device— 
will give new production life to your blast 
cleaning department. * So will ROTOBLAST 
Tables. * So will automatic Special Machines. 


* If SPEED is a factor— WIRE for data TODAY. 


AIR BLAST CLEANING 


Ill., to assistant chief metallurgist 
in the metallurgical department 
Mahwah, N. J. 


Transterred by Alleghe: 
Ludlum Steel Corp.: Wm. F. Bar 
rett, Jr. &, from the metallurgi 
laboratory in the Dunkirk mill ! 





; 


the sales department 


Essential for Mass Production of Miscellaneous Work Watervliet mill 

@In spite of the popularity of Airless ROTOBLASTING units, 

the demand for Air Blast equipment is greater today than ever Added to the faculty handling 

before. * Air Blast ROOMS for large miscellaneous work. the research program on pliysi 

* CABINET for occasional work. »* Automatic CABINET chemistry of steel making head 

Machines for shells, bombs, etc. * ALL make Pangborn by Gerhard Derge 6 at t! 
Air Blast installations VITAL PRODUCTION UNITS Department of metallurgical eng 

in countless industrial plants today neering, Carnegie  Instilutk 


Technology: Allan E. Martin § 
recently of the University of M 
nesota, and Karl L. Fetters § 
D.Sc. Massachusetts Institut 


Technology, 1940. 








Frederick H. Dill & 
appointed welding eng 
American Bridge Co., w 
quarters at Ambridge, ! 


Matthew M. Townsend & 
formerly superintenden! 
ing, Crucible Steel Co \) 
ica, Atha Works, Har 
has been made genera 
tendent of Copperweld 
Warren, Ohio. 





Harold W. Schmid & 
manager for General M 


PAN GBORN 


WORLD'S LARGEST MANUFACTURER OF BLAST CLEANING AND DUST COLLECTING EQUIPMENT 


PANGBORN CORPORATION... HAGERSTOWN, MARYLAND 


has been elected a vi 








of the Corporation 
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Ag PP E> AND 
HEVI DUTY FURNACES 


For carburizing the important parts of their portable tools, The 
Rotor Tool Co. use a Hevi Duty Electric Vertical Carburizer. Its 
flexibility and adaptability in consistently producing controlled 
uniform cases on a variety of parts is making possible economi- 
cal and dependable heat treating with a maximum of speed. 


Send for Descriptive Bulletin HD-940 for details on this furnace. 


EVI DUTY ELECTRIC COMPANY 








Kt 
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FATIGUE DATA USED IN DESIGN* Omir’ when & 


1. Stress range cons 


By E. C.. Hartmann and R. L. Templin 2. Number of cycles 

3. Condition of the s 

THE bESIGN of almost all reducing the design problem to +. Influence of holes, 
strength members is based pri- one of simple static loading. re-entrant er ae n 

marily on the supposed static Fatigue test results can be points “ stress Comconss 

loads. When a member is to be misused by applying them to ». Effect of plastic a 

subjected to many cycles ol designs where the conditions of stresses above the elasti 
repeated load in service, how- the test do not fit the service con- é It is important th u 

ever, there is no easy method of ditions. Some of the factors to fatigue data used be acq 


a stress range reasonab Si 


to that which the memly 





designed will carry. D 
stress ranges other tl f 


complete reversal are 


USED AS A 
_ Matter of Form... 


obtained in some form « 
tension-compression fatig 
ing machine, one type ol 

is described in the article ab 
mentioned by R. L. T: 
Although such data 
readily available for all e 
ing materials, certain | 


between the fatigue strengths 


various stress ranges h: 
established, and may ly 
to approximate the fatig 
strengths of metals for st 
ranges other than ec: 
reversal, and so an estimate 


n stee 


be made if fatigue tests, 


TITANIUM bending beam in e¢ 


ALLOY MANUFACTURING CO. rev ersal. are ay avilable. 
If fatigue curves ar 
able, it is a simple matt 
select the fatigue strength 
sponding to any desired numb 
of cycles. When only th 
ance limit is quoted, how 
is difficult to estimate the tatig 
strength at any smallet 1 
of cycles. The only cycl 
should be counted, or 
are those at stresses 


approaching the maxt 


| 


which the member Is « 
Scratches, nicks, m 
and other surface imp 


(Continued on page 


*Abstracted from tw 
“Fatigue Test Results, The 


Design Calculations”, by ! 

mann, Product Engine 
a ——— 1941, and “Fatigue Ma 

GENERAL OFFICES AND WORKS: NIAGARA FALLS, N. Y., U. S. A. Testing Structural Units 
EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY Templin, Proceedings 


Representatives for the Pacific Coast Belfour, Guthrie & Co., Sen Francisco, Los Angeles, Portiand, Seattie, Tecoma A ae 
me Be ae ee ee Hemilton, Winnipeg, Vancouver, Sydney Society for I esting Mati 
ee , 23-27 Broomball $t., Sheffield, Engiend 29 1 939 
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TAGEM ANAS: 


Va FIRE CLAY DIVISION 


Tayco-Super, Tyson, Tiger 
and Tiger Steel Brick — Taylor 
Quality Shapes — Monocrete, Plas- 
tayco and Tayco Refractory Cements 


For over three 


been leading Refractorers to Industry. We 
confident that users 
fractories will find, in these 
of satisfaction. 


proach the future 






a guarantee 




















-quarters 


“CHAS. TAYLOR SONS: 


4 P. B. SILLIMANITE ccf FIRE CLAY REFRACTORIES « CINCINNATI, OHIO, us. 























Le ADERS Hr 


P.B. SILLIMANITE DIVISION (Ge) 


Brick, Shapes and Plastics apy, 
Cements—Glass House Refractories 
Feeder Parts — Batts and Kiln 
Furniture—Hydrocast 


have 


ap- 
of Re- 


simple trade marks, 


of a century we 
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Stress concentrations at of different types of dis« nui- 

FATIG UE DATA holes, re-entrant corners and ties on fatigue strength, ; also 

other discontinuities of section overlook the fact that ; luc- 

can be taken into account in sev- tion factor applicable ne 

(Continued from page 604) eral ways. One way is to treat range of cycles may not v in 
reduce the fatigue strength of them as if they reduced the another range. 

the metal appreciably and some fatigue strength of the material, Another method is [ alu- 

allowance for this should always and to try to find a reduction ate the magnitude of th axi- 

be made in actual design prob- factor by reference to published mum stress at the point tress 

lems. The endurance limit of data. This method is likely to concentration, and use this valye 

mild steel is reduced at least lead to rather large errors rather than the nomina tleu- 

10°, simply by leaving the mill because one is tempted to gen- lated stress in the fatigue analy. 

scale on the surface. eralize too much about the effect sis of the member. In tain 

limited cases, this meth can 

be used with suitable fatigu 

strength curves for the metal {| 

determine the life of strength 

members. When plastic defor- 

mation or yielding is ighly 


localized at points of maximum 
a | tress, it reduces the intensit 

roe-to-B ress cs 

V a¢ i ¢ oO ait the loading at this dangerous 

what it 


metal 


spot appreciably below 


would have been if the 


had acted in an elastic manner 
For this reason the use of 


al 


theoretical stress concentratior 
factors is unlikely to predict the 
fatigue strength of members built 
7 : ‘ : 

of materials with low vield 
If you sell and serve the metallurgical field, you are ' 
invited to list your products in the Second Edition of the @ strength, unless some means is 
Metallurgical Buyers’ Guide found to correct the factors wh 
si ne the maximum stresses exceed the 
This Guide will be published in June by the American q 
sol . elastic range. 
Society for Metals and will be placed in the hands of 18,500 ‘ 
men in the metal industry. It will be included in the June rests have shown that wher 


issue of Metal Progress, guaranteeing a blanket coverage of the ductile metals are involved, the 


& membership. load on the 


ultimate specimen 


5,000 extra copies of the Guide itself will be sent to man- can be predicted fairly close ly by 
agement and purchasing executives in the metal producing and multiplying the net area by the 
tensile strength of the material 
In effect, that the 


concentration § fact 


working industries. 


Whether or not your company advertises in this Guide, you this means 
are invited to write for the leaflet listing the headings that will stress 
be included in this important buyers’ reference and participate approaches unity as the max 
in this service to the metal industry. mum stress approaches the ten- 


Tate 


sile strength of the ducti! 


’ Time is short only a few days remain before forms close 
so act now. Write immediately for the Headings’ Leaflet rial. This fact becomes the 
and check the products you have for the metallurgical field. basis for the prop sed empirica 
Remember you need not advertise to have your products method of modifying su a 
listed — but this Second Edition of the @ Metallurgical Buyers’ centration factors tot - 
Guide is an advertising medium of proved value offering a low- account plastic deforn n 
cost, long-time coverage of the metal industry as follows: The norm ress 


concentration factor 1s 


as a horizontal line fo! sses 
three qu rs ot 


from zero to 





American Saciely for Metals 


the vield strength of t! 


7301 Euclid Avenue Cleveland. Ohio rial. At this point i is 
line is drawn sloping ¢ var 
to the right so that sses 











(Continued on page 
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Two single ended, 
hearth type forced 
circulation heating 
furnaces for annealing 
copper and copper 


strips. 

THE ELECTRIC 
FURNACE 
COMPANY 























Heating and anneal- 
ing furnace for copper 
and brass slabs, with 
automatic feed table 
and walking beam con- 


veyor. 
SURFACE 
COMBUSTION 
ele) tel Nile) 






Rockwell pot 
type, bronze an- 
nealing furnace. 


W. S. ROCKWELL 
COMPANY 








. 


Rockwell continuous walking beam, 


. fe : 
. * cake heating furnace. 
F ‘ W. S. ROCKWELL COMPANY 
: 







° ~* 











. PENCER ° 


4 tlh sah 35 to 20,000 cu. ft. 
% to 300 H.P. 


recs Turbo Compressors os ob te 


PENCER TURBINE COMPANY e HARTFORD, CONNECTICUT 





TH 











action begins at stresses some- 


what below the yield strength.) 


FATIGUE DATA 


This curve is in excellent agree- 


ment with the test results so far 


(Starts on page 604) obtained on fabricated scale-size 


through the point represented test specimens. 


by a stress concentration of unity Thus, it is possible to predict 


at the tensile strength of the the fatigue strength of a given 


material. A point three quar- riveted joint with a fair degree 
ters of the yield strength is of accuracy using only the 
selected rather than the yield fatigue strength curve for the 


strength because it is well known material obtained from small 


that in many metals plastic evlindrical samples on standard 








iled through 





oT 






fa 
: bronze isfactory 
al spindles of oral render? very soifacturing 
"ni a 
Univers amPco M 3 «0 pon m ar for 





, v 
crushing , 
oe ri 
service, 
ve concer : der sev 
s, thes rvice Un 
year ' ETAL forse 


amPco M 





AMPCO METAL is Famous for 
Licking the TOUGH Jobs 


Ability to withstand the ravages of friction — to serve without 
“metal failure’ for extended periods — to ward off peening and 
squashing out... these are prime considerations when a metal is 


selected for bearings, bushings, housing nuts and gear applications. 


AMPCO METAL has proved itself in hundreds of installations. Over 
2,000 nationally known concerns have standardized upon this 
sturdy aluminum bronze because of its high tensile strength, 
controlled hardness, high impact strength and marked wear- 
AMPCO engineers stand ready to help you. Write, 
outlining your requirements. 


resistance. 


Milwaukee, Wis. 


AMPCO METAL, INC., Dept. MP-5, 






WHOSE 


The Metal Without An Equal 
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testing machines, an 


mate stress concentratio; tor 
and an empirical met! for 
reducing the stress eo tra- 
tion factor to take plasti tion 
into account. 

A more direct and g ally 
satisfactory method of tack 
would seem to be by tes! rep- 
resentative strength members jp 
the manner described by \V, ¥ 
Witson and R. L. Tempryy, ip 
which repeated load t are 
made of actual joints, ims 
columns, frames, and other com- 
ponent parts of structure Such 
tests made under controlled eon- 
ditions and carried out iccel- 
erated rates but in the in 


of normal working loads 
slightly beyond) would result in 
very useful design data 

With this purpose in mind a 
fatigue testing 


riveted joint 


machine was designed and built 
early in 1935. It has a max 
mum capacity in tension or com- 
pression of 40,000 Ib., and a 
speed of 312 cycles per min 
In the fall of 1935 a column 
fatigue testing machin 
designed and built. This ma 
is operated at 210 cycles p 
and has a maximum capacily 
tension or compression of 90,0! 


lb. The 


specimen which can be tested 


maximum length 


much greater than in the 


joint machine. During 
ter part of 1937. this 
fatigue testing mach 


modified so that it could 
for testing beams, as wel 
umns or trames. 

While no set of exp 
all of the vat 


strength members wil! 


can cover 


the designer must deal, 
a period of years such 1 
tions will result in the 
lation of data which w 
the engineer in the sel 
safe working stresses 
design of various types 
The results of s 


will eventually show tl 


bers. 


ence between designs 1D 


resist repeated loads an Sts 


Ki 


intended to resist stati 








IZL, 


b OPERATING 


BPRINCIPLE 


IN TEMPERATURE MEASUREMENT 






The New Brown Circular Chart Potentiometer 
NEW OPERATING PRINCIPLE . ... 
NO GALVANOMETER 







THE new, exclusive Brown “CONTINUOUS BALANCE” Power 


Unit replaces the conventional galvanometer . . . provides high pre- 
cision . . . responds instantly to minute variations . . . maintains Con- 
tinuous Balance in the measuring and recording of temperatures. . . 
brings to industry an advanced and practical embodiment of 
electronics. 



















The new Brown Circular Chart Potentiometer Pyrometer is built to 
withstand severe plant service . . . Its fundamental principle and simple 
construction make it vibration-proof . .. Wear is reduced to a minimum 
because there is no mechanical motion except when the temperature 
changes. 


Interchangeable with present pyrometer installations . . . utilizes 
standard thermocouples and wiring. 


Here is combined in one instrument... . SENSITIVITY . . . RUGGED- 
NESS... SIMPLICITY . . . PRECISION. 


For full details write The Brown Instrument Company, a division of 
Minneapolis-Honeywell Regulator Co., 4503 Wayne Avenue, 
Philadelphia, Pa. Offices in all principal cities. Toronto, Canada: 
117 Peter Street. . . . Amsterdam-C, Holland: Wijdesteeg 4... . 
England: Wadsworth Road, Perivale, Middlesex. . . . Stockholm, 
Sweden: Nybrokajen, 7. 


=I 
=) 
) 


POTENTIOMETER PYROMETERS 





| 
_— 


and 


LU i t MINNEAPOLIS-HONEYWELL CONTROL SYSTEMS 
To Measure and Control is to Economize 



























































DEFENSE 


(Continued from page 618 
but to 
monthly 


meet out these 


goal 
figures have to double 
by August and keep on doubling 
until the end of the year. 
Thirty-caliber machine guns 
are close to schedule. Fifty-cali- 
ber are right up to the notch, but 


in the former case we are striv- 


ing for a 900! increase in 
monthly production by the end 
of the year and in the latter case 
nearly 1000. 

The 


has been 


medium tank program 


deliberately held up 
because of the necessity of giving 
priority to other 
Neverthe- 


will start making a few 


machine tool 


more critical items. 
less, we 
of the 26-ton tanks in April or 
turning out 


May and are now 


the 13-ton tanks at a fair rate. 








ECONOMY 
at 
ToP SPEEDS 





iad 
iy 








—_ 





Can the oil in your machines stand 
up under the top running speeds of 
When 
cutting and grinding operations are 


today’s high pressure work ? 


carried on at close to the maximum 


output of your machines, do you 


find your oil costs increasing? Do 


you get the same quality finish? 


Cities Service Service Proved Oils 
are made to take it at high produc 
These oils, with years 





tion speeds 


of actual use-in-plant experience 





behind them, will give you more in 
the way of increased production, 






FREE! 


Gatling 1, 


CLIP 
AND 
vice PROVED 


“ MAIL 








lower costs and better finish 


HEAT PROVER SERVICE 


Many plants have found Heat 
Prover Service invaluable in saving 
on fuel and in regulation of atmos 
furnaces. 





pheres in heat-treating 
Our lubrication representative will 


tell you how you can get this free 


service He also will be glad to 
help you with your lubrication 
problems We have available a 


booklet entitled, “Metal Cutting 
Lubrication."” Send in coupon if 


you wish a copy 





Please have representative call and 
explain Heat Prover Service 
Name 
k Nar 
Address 
City Sta ~ 





CITIES SERVICE OIL COMPANY 
Sixty Wall Tower, Room 1326, New York 


Please send me Booklet 


Metal Cutting Lubricat 
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Even so, our present s 
must be doubled by Jani 


Small arms, such les 


and submachine guns, 
happy to say, running a 
schedule, but one can 1 hy 
satisfied, for here again 
duction of the one ha } 


stepped up 100° before 


of the year and of th the 
about 500° 

Next to the mana: ent 
problem in production th is 
raw material problem as _ wel] 
Fortunately most of the eded 
products can be produced here at 
home. Great increases hay 
already been effected: ¢ it 


increases are under way 

The ship program presents 
quite a problem. Over 340) 
ships, ranging from small! boats 
and patrol craft to large tanker 
rattle 


ships, are to be built. Along wit! 


cargo vessels and on to 


this is the conversion and mod 
fication of hundreds of existing 
craft. All existing yards hay 
commandeered and seve 
On the oth 


is only a start this 


been 
new ones started. 
hand, it 
program outstrips anything eve 
attempted as to time, vo! 
The 


for speed is extreme. 


and complexity. 


Time is the great fact It 
the one thing we never ha\ 
enough of when we are W 
always too much of when a 
sick. On how we use tl 
when we are short depends U 
success of our undert . 
Trains run on time ns 
schedule. Sometimes t! g 
away late and catch up, ! 
catch up only if they hay 
track and lots of steam g 
off to a late start, but w 
it, | know we can do if 
put our hearts and ou . 
into the job, engineer, | 
turer, mechanic, and cle! his 
is our land the land 
democracy was really | 
will live forever, so let 
speed ahead a green 

‘ 5 


the track this 1s 


special,” and we must 


get it in on time. 
































; YOU “BUY AMERICAN” BUY NORTH AMERICAN 


~ TURBO BLOWERS 
NORTH AMERICAN 


V-BELT DRIVEN 










SERIES 300 


VOLUMES from 100 to 4,000 cu ft per min 


PRESSURES from '/2 to 2 |b per sq in 
BLOWERS DELIVER | BLOWERS ARE 





FULL RATED VOLUMES FREE FROM VIBRATION 
FULL RATED PRESSURES FREE FROM BEARING TROUBLES 


s.. NORTH AMERICAN 


ps EQUIPMENT FOR MFG. CO. 


ATORS 
CLEVELAND, 
OHIO 


Vay, 1941; Page 623 











CRACKED WELDS 


(Continued from page 580 
part and the base material dur- 
ing welding will consequently be 
the deciding factor. 

The 


metal receives from the electrode 


material which the base 


possesses a composition, degree 
of purity, and temperature deter- 


mined by the type of electrode 


used, and the drops of molten 


metal are more or less coated 


with slag. Owing to its low tem- 
perature and the minute reaction 
area, it is improbable that impor- 


tant reactions take place during 


the melting of that part of the 
base material which actually 
melts, between it and the gases 
from the are. 

When the melts from the 
electrode and the base material 


meet, a separation of the metal- 





ALTER EGO: Literally “one’s other self” 


that questions, inspires and 


ALTER EGO: So you want to get welds that 


you love to touch? 


Well, I like 'em smooth. 


ALTER EGO: We're getting ‘em smooth, with 
“*Fleetweld.”” What 


But, remember what the ‘‘Fleet 


you're looking for is 
Slamour 
weld’’ man told us—about the fellow who 
was sacrificing 25% in welding speed be 


cause he had been sold on glamour 


Oh, the Super-Glamour 


Electrode gave him sagging fil- 


yes, 


lets, requiring excess metal for 


the required size of weld 


ALTER EGO: Right! And with ‘“Fleetweld” 
he got his right fillet size, plus SMOOTH 


Copyright 1941, The I F 





Largest Manufacturers of Arc 





LINCOLN-s*)"Aze.WELDING ™ Cite on 








—the still, small voice 


corrects our conscious action 


NESS, STRENGTH, DUC- 
TILITY, plus FASTER WELDING. 


plus plus 


Well, suppose we skip the 
glamour emotion and concen- 
trate on bread-winning qual- 


ities. 


LINCOLN SUGGESTS: A well-balanced 
electrode such as ““Fleetweld”’ gives you 
in large measure: Speedy welding; effi- 
cient operation; strength and ductility; 
smoothness and other values. Page 5 of 
the ““Weldirectory” (sent gratis) charts 
the 30 qualities any electrode should 


have to give the kind of welds any user 


has a right to expect. 






Welding Equipment in the World 
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lic and non-metallic e 


from the electrode wil! 


place. The slag from 
ing rises to the suri 


forms the slag covering 
ticipation in chemical 
for the greater part, | 
When 


pool are 


in the are. 


molten forn 
probable that no furt! 
occur between 


the 
the short time they a 


actions 
coating and molte 
However it appears 
reaction products creat 


the mixing of electrod 


materials may be the 
crack-forming agents. 
more probable that they 


formed later, because m: 
slag emerges from the m 
cold the 


consists of 


In a melt 
structure 
number of small crystals 
simultaneously in the m 
hot buil 


columnar crystals, en 


in a melt it is 


from the fusion zone and ext 
the 


primary structure consist 


ing fanwise into melt 


radial columnar crystals is 
cal of the high eflicien 
trodes, while an eg 


structure is typical of tl 


A macro structure cons 
radial columnar crystals 
seem inferior to an eg 


but the latter neverthel 


crack-prooft, 

Due to the speed of t! 
ing, equilibrium is not 
between solidifying meta 
tals and the melted met 
but the 


carbon, phosphorus, su 


tion, melt wil 


orxyeen content soll 
in manganese and sili 


consequence reactions 


caused during the sol 
of this residual mot! 
which result in nm 


reaction products, su 
or a gaseous prod 
is being precipitated 
among the crystals 

If the particles 
precipitated before tl 
the 


(Continued on pa 


form, slag par! 

















NO ADJUSTMENTS? 


wpa 


k 


wa 






There's no wear or dead spots in 
xboro’s simple V-cam-and-roller 
balancing mechanism. 





You'll never need ’em 


in the unique Foxboro Balancing Mechanism! 


t's 


t's just another example of the complete ments an outstanding name for “trouble- 
pendability of Foxboro Potentiometer Instru- freedom". Foxboro’s exclusive integral mount- 


nts, that even the sensitive balancing mecha- ing of slide-wire contact and recording device 

never needs a moment's maintenance time adds dependability by eliminating transmission 

1djustments. errors. Specially-designed Foxboro galvanome- 

ause this original Foxboro “sensing” ter suspensions last for years, instead of weeks. 

e acts fast, without fast driving of the And every important bearing is “friction- 
hanism, there’s no appreciable wear...no proofed” by ball bearings. 

1 spots or lost motion to “take up”. Year in, Get the full story ... learn why leading 

out, you get instant, accurate response to defense industries re-order Foxboro by prefer 

y split-hair movement of the pointer! ence. Write for Bulletin 190-4. The Foxboro Co.., 


it is only one of the exclusive refinements 52 Neponset Avenue, Foxboro, Mass., U. 5S. A. 


have given Foxboro Potentiometer Instru- Branches in principal cities of U.S. and Canada. 


DING + CONTROLLING - INDICATING — BOR 


Potentiometer Instruments 
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mary crystals are to be expected the formation of crac! 


CRACKED WELDS in deposits rich in oxygen, and agents. Cracks in fil! elds 


in high sulphur deposits. must not be considered ns 
It may also be remarked that quence of red shortnes 
(Starts on page 580 if a new liquid phase is created deposit, for these same y 
coagulate and rise to the surface. during freezing it may act as a electrodes will give e1 
This possibility is considerably crack-forming agent. deposits. 
less likely if slag and metallic From the fact that welds If equilibrium exists 
crystals precipitate simultane- made with heavily coated, oxidiz- the melt’s content of 
ously; then they might easily ing electrodes are insensitive to ments and its oxygen « 
become entrapped and act’ as crack formation, one may con- is probable that no ga 
crack-forming agents. clude that gases developed dur- evolved, but that a sl! has 
Slag inclusions among. pri- ing freezing do not contribute to will be precipitated t! 


assumption the melt may 





sidered. a steel melt, di 


with silicon and mangan 


the composition of tI 1) 
cipitated slag phase may | 
estimated, as in the = alta: 


diagram. 


Silicon, Percent 











O G2 04 OG O8 10 i: 4 
Manganese, Percent 
Types of Non-Metallic Incl 
Be Expected in Steels, Depe 
Their Silicon and Manganese | 


There exists a certain ¢ 
nection between the deposi! 
resistance to cracking and 


composition ; probably also 





composition and qualities of | 


Tnproved to meet the demands for rapid fatigue tests, the slag phase being precipitated d 

R. R. Moore high speed Fatigue Testing Machine now operates at ing welding has an_ influen 
g g ni ‘ 

speeds of 10,000 rpm. The machine is equipped with a variable Welds made with neut Q 


speed drive —an essential feature in the testing of certain alloys 
which heat up when highly stressed and it also allows correlation 
of high speed tests with previous lower speed tests. 

Based on the rotating beam principle, the R. R. Moore Machine 
has gained widespread acceptance. These fatigue testing machines 


alloying electrodes vary | ga 
to freedom from cracking 4 
silicon content, and it is 
that these two features 


are in constant use in the nation’s leading research laboratories. correlated. 
Write for descriptive bulletin No. 134-A To obtain fillet weld tI 
maximum freedom fro ra 


ing, one must do more us 
7 excellent electrodes. vas 
material must have a pos 
tion favorable to weldi How 


DIVISION OF THE BALDWIN LOCOMOTIVE WORKS 


Ce a en «eo; a the different types of s 


in this way seems still 
open question. 
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FURNACE TREATED BAR STEELS 


If your product requirements call for spe- 
cialized steels of increased machinability IMPROVED 
and ductility . .. you can obtain these 

desired qualities “annealed-in-the-bar” by QUALITIES 
ordering B&L Cold Finished Steels, furnace- ’ Annealed-in-the-Bar”’ 
treated to your own specifications. 


They can be furnished annealed, normal- g. 
ized, spheroidized or strain annealed in all 

standard grades. This assures the proper 
physicals and grain structure that you need 
without complicated heat treating opera- 
tions. You gain in maximum production 
economy, save time in machining, and 
maintain uniformity in your finished 
products. 


Machinability 


olirsiiitag 

Let B&L engineers show you how you can 

implify your bar steel purchases through 
iis new service. 


1891—FIFTY YEARS— 1941 


RAWN BARS — GROUND SHAFTING SCREW STOCK 7 ALLOY STEELS 


-SBLISS & LAUGHLIN, INC. 
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ATMOSPHERES 


(Continued from page 566) 


These methods of eliminat- 


ing CO, are not basically new, 
but the development of special- 
ized, ingenious equipment to 
make them commercially prac- 
tical has so advanced that in 
many cases it is difficult to recog- 


nize the ancestors of some of the 


Recent 
advances, then, have largely been 


present equipment. 


the refinement and simplification 


of equipment based on well 
known reactions. 

Along with the development 
of less reactive atmospheres has 
come the extension of their appli- 
cations to a wider range of mate- 
includes not only 


rials. This 


non-ferrous as well as ferrous 
but 


rials, such as protective coatings 


metals non-metallic mate- 





MORE HEAT HOURS 
with INCONEL...: 2100 F 


Well illustrated by this strand anneal- 
ing furnace is the excellent heat resist- 
ance of Inconel. 

In ,” to A” 
reducing atmosphere of hydrogen is 
maintained. Long lengths of wire from 
reels are run through the tubes, tem- 


tubes of this alloy, a 


peratures running to 2100° F. 

Even in this severe service, Inconel 
resists flaking and spalling, gives ex- 
ceptionally long service ...in this par- 
ticular instance two years, and still good 
for more. 

Because of 
resisting properties, 


unusual heat- 


80% Nickel, 


Inconel’s 
this 
is used for car- 


14% chromium alloy 

burizing boxes, nitriding containers, 
. o . 

Strand annealing furnace equipped with In- 


the annealing of ferrous 
and nonferrous alloy wire, at the plant of the 


illoy Metal Wire Co., Prospect Park, Pa. 


onel tubes used tv 


and other furnace uses ...also for air- 
plane exhaust manifolds. 

Full information in Bulletin C-8, 
“High Temperature of Monel, 
Nickel and Inconel.” For a free copy of 
this bulletin address: 


THE INTERNATIONAL 


NICKEL COMPANY, INC. | 
67 Wall St., New York, N.Y. 


uses 



























1 Maintains hi 
tility. 


Very resista 
adherent, does not readily scale off 


3 Resistant to carburization 


Resistant t 
4 ba o the effects of nitriding 


5 Resistant to hydro 
monia and other I 
pheres. 


gen, cracked am- 
»rotective atmos- 





gh strength and duc 


nt to oxidation. Oxide 


ADVANTAGES OF INCONEL 


AT HIGH TEMPERATURES 


- 6 Makes ductile welds. 


not s iec 
inter-granular deteric ubject to 


oration. 


Free from : 
: excessive distorti 
rtion 
ing sudden temperatur on dur- 


due to low changes, 


cepenaton, coefficient of thermal 
Readily for : 
m ‘ 
8 shapes. ed into complicated 


Mill forms and w : 
9 able from mill —* rod avail- 








* **Incone is a registered trade-mark of The Inter 
national Nicke! Company, Inc which is applic 

Awcone to a Nicke! alloy containing approximately 90 pe 
cent nickel, with additions of chromium and iren 
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(paints, lacquers, ename! ra 
This j lesir- 
appro: 


and foods. 


trend in 


ics 
able 
widely adaptable inert ; ctive 
atmosphere, and in | T 
equipment on a suflicie lar 
scale to avoid the hig! ens, 
of custom-made produ | 
Manufacturers of e 
generally have been al » th 
troubles encountered in 
in applying controlle tmos- 
They have spx 


pheres. mucl 


time, effort, and money devel- 
oping equipment to give m 
protective gas at loy COS 
Their efforts have been particy- 
larly successful with fairly larg 
scale equipment which is ayail- 


able to protect practically any 
hot metal, but which is relatively 
expensive and requires intelligent 
1S ther 


simple: 


technical operation. It 
the field of 


small-scale 


fore in 
cheaper, 
for the 
intermittent user that the gr 
need for improvement now exis! 
attent 


equipment 
trealer at 
atest 


heat 


small 


This field is receiving 
the 
now on 


much of recent equi 
ment and that 
mental trial is for such users 

The fact that 
still hardened in a partly or co! 


pletely burned gas atmospher 


and 


expel 


steel 


much 


not due to ignorance on the par! 
of the heat treater. He is usua 

well aware of the advantages 

an atmosphere free of ©), CO 
and H,O which 
deposit carbon), but all too 
quently the conditions of ope! 
tion and scope of his work ¢ 


(and will 


not warrant expensive controll 
atmosphere equipment, Atlem)' 
to protect the work mechanica 


by a copper paint, non-metal 
h 


coatings, or similar mea 
been reasonably success! 
under special con 

Although effective p! cl 
coatings would be gre 
comed, most steel heat 
are willing to make a 


controlle: um 








investment in 
phere equipment and a! 
ing with great interest 
types of simple, relatiy 





pensive atmosphere pros 








ment 
» the 


past 


mos- 
nuch 


evel- 


more 
COSI 
ticu- 
large 
Vail- 
any 
ively 
igent 
here- 
vler 


nent 








(Q (MATION 


VE. \L INDUSTRY 





PR ICAL METALLURGY 
Case School of Applied Science, 


George 
d Kent ! .n Horn, Aluminum Company of 
America 
This is a tanding book written by two inter- 
Btionally k metallurgists who have dealt in a 
capable way with the subjects of metallurgy 
ch include ipplied physical metallurgy and the 
justrial processes of ferrous and nonferrous metals 
ca loys 


The > book divided into two parts: The princi- 

f physical metallurgy, containing 6 chapters ; 
i the second part, the manufacture of metals and 
containing 11 chapters, which are as follows: 


. grain structure of 


OVS, 
bh. constitution of alloys 
evs and segregation . . . the crystal structure of 
tals and alloys . . . phase changes in the solid 
te . deformation and recrystallization 


jual stresses furnaces and general melting 


ems . . . castings—production . castings— 
inical properties castings—special casting 
lovs and methods .. . ingots . . . mechanical work- 


fundamentals . . . mechanical working—rolling, 

g and extrusion mechanical working— 
awing, straightening and fabricating . . . heating, 
vealing and heat treatments heat treatment 
steels . . . heat treatment of nonferrous metals. 
)In addition to this there is a 25-page appendix 
ing the latest binary constitutional diagrams of 
principally used ferrous and nonferrous alloys. 


7 pages .. . 335 illustrations ... 155 constitu- 
al diagrams ...6x 9... red cloth bind- 
DT «sures pu tale ike bese d aaa ae $5.00 


SURFACE TREATMENT OF METALS 


aposium and Discussions Presented at National 
Metal Congress 


An increasingly important phase of metal treating 
Surface Treatment—was the subject of a sym- 
at the recent Metal Congress in Cleveland. 
iteen papers were presented by outstanding 
horities—papers which drew hundreds of men to 
f the three sessions. 
These papers—with the discussions and additions 
itten and presented from the floor—are now 
lable in book form. 
The book covers the following subject matter: 
hodic tres stent of aluminum . passivation and 
Oring of stainless steel . . . surface treatment of 
gnesium alloys corrosion resistance of tin 
ry fluence of steel base composition on service 
of tin plate containers . . . zine coatings: unit 


rations, costs and properties . . . diffusion coat- 
on meta . . Surface reactions and diffusion 
)- heat treating with induction heat . . . inherent 
racteristi of induction hardening . . . flame 


treatment 
S. shot } 


. 


ect of 


structural steel surfaces for painting 
sing and its effect on fatigue life . . 
ae ¢ conditions on fatigue properties 
.° “lp formation, friction, and high quality ma- 
. observations on the tarnishing of 
heating in vacuo .. . the tracer 


ned surfa 


Hiess ste¢ 


thod of n ring surface irregularities. 
) pages 140 illustrations ...6x 9 
Ted cloth 


Se an a ser cs, a 


OR METALS 


Cleveland, Ohio 


ET) 
































The Sad, Sad Story of Mr. Splotz 


Trouble was, Mr. Splotz had a problem 
Mr. Splotz. It was something about a hairpin, or an anti-aircraft gun, 
or a bird cage —we don’t quite remember. 


or rather the Problem had 


Whatever it was, Mr. Splotz was in a stew. No matter what he tried, 


it was wrong. It wouldn't fit... or it wouldn't last... or it just wouldn't 
work. It was wrong. But Splotz was made of stern stuff. No surrender- 


ing for him—— no sir! 


Came his umpteenth try, however, and it still was wrong. Splotz be- 
gan to crack. It was too much for any man--even he could stand no 
more. True, he made a few last feeble attempts, but his heart wasn't 
in it. 

It was the end. Gloomily, Splotz breathed a last despairing sigh, 
picked up an automatic kept handy for such things, and called it a life 





Pardon the dramatics. Gritting your teeth fed to give you the answers. Hundreds of 


on a problem may never kill you— but it successful case histories in Frasse files 


does waste time. prove their ability. Their steel knowledge, 
You can hang on, bulldog fashion, just combined with your product knowledge, 

like Splotz but why not save the high may save you days of fretting 

cost of stewing, and get all the help youcan? Next time you're inclined to tear yout 
When it comes to mechanical steels, hair over a steel problem don't. Save 


Frasse Technical Service engineers are ex- your time and temper by using Frasse 


perienced consultants, thoroughly quali- Technical Service. It’s free 


fet Ad. FRASSE and Ce.. Ine. 


distributor of i ite 


SEAMLESS AND WELDED TUBING * TOOL STEELS * STAINLESS STEELS * COLD FINISHED BARS 


SAE ALLOY STEELS . DRILL ROD . MUSIC WIRE . Cc. R. STRIP AND SHEETS 
For Technical Advisory Service on problems involving the above steels, phon 
NEW YORK BUFFALO PHILADELPHIA BALTIMORI 
Walker 5-2200 Washington 2000 Radcliff 7100—Park 5541 Vernon 2242 
HARTFORD ROCHESTER JERSEY CITY SYRACUSI 
Hartford 7-4388 Stone 4671 Delaware 3-4888 Mitchell 2 4885S Svracuse 2 Zt 55 
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PROPERTIES of QUENCHING OILS 


Jones 


By J. A 


QUENCHING oils may be (1) a 
mineral oil, (2) a fixed or fatty 
oil, (3) a compounded oil usu- 
ally consisting of a mineral oil 
base blended with varying pro- 
portions of fatty oils. Fatty oils 


may be (a/ from fish and marine 


and W. W. Stevenson 


animals, (b/ from land animals, 
c/) from vegetables and seeds. 
The “quality” or “stability” 
of a mineral quenching oil may 
be largely summed up in its 
volatility, resistance to oxidation, 


sludging and tendency to decom- 








OFFERS ANOTHER 
ADVANCEMENT-- 


"tle Continuous Heating Furnace, fired 
with Pulverized Coal, fully automatically 
controlled, is another AMCO achievement 
for the heating of steel! 

Other furnace units involving the appli- 
cation of AMCO Pulverized Coal Systems 
are mow under contract as part of the 
National Defense Program. 


We Amsizn-Moaton Company 


FULTON BUILDING «+ 





PITTSBURGH, PA. 
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pose. The desired sta! is 
attained by careful sek of 
the crude and attention | fin- 
ing methods. All hay heir 
advantages and disadvai s in 
quenching baths; the ight 
mineral oils lose “light « hy 
volatilization, whereas mal 
and vegetable oils oxidiz Both 
forms of breakdown | in 
ultimate inefficient qu: ling 
capability. In the prese! tudy 
an attempt was made to assess 
the relative values of the ious 


physical properties. 

The relative physical | per- 
ties of commercial quenching 
mediums may be determined by 
the following tests: Saponifica- 
lion value, acid value, dine 
value, flash point, specific gray 
ity, viscosity, volatility, tendency 


to sludge, oxidation test, coking 


tendency, specific heat, an 
thermal conductivity. (The orig 
inal article contains brief notes 


on the various methods of tes! 
ing.) 

In compounded oils the cor 
tent of saponifiable matter indi- 
cates the amount of fatty oil 
present. Mineral and animal! oils 
contain practically no tree fatty 
acid, while vegetable oils contan 
only a small amount, but the co 
tent increases with time and by 


oxidation. The “acid value” ts 


therefore an indication of qua 
and age. The “iodine va! 


a measure of unsaturated a 


f 


phatic compounds, and 

means of identification 
“Flash point” is the tempera 

ture at which the vapors g!\ 

olf by a 

ignite momentariiy when |! 


known volume: 


into contact with a flame 

A low flash point in ites 
light fractions and the pos 
of fires. 
a clue to the origin of 
Viscosity determines ver) if 
the speed with which co! 


The specific g! y Is 


currents can be set up 
quenching bath. 
(Continued on page | 


* British Iron and Stee! 
Second Report of the All 


Research Committee, p. 26 ’ 
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ty For Your Requirements: 
IS Carburizing 

ili- Cyanide Hardening 
, Neutral Hardening 

Is Selective Heating 

Age Hardening 

ra Tempering 

el Hardening High-Speed 
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Brazing 

: H ng for Forging 
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Without a singk 
the entire 
which they ar 
\jax-Hultgren | 
nace installa 
work more 


cost, than 1s 
e method vet devised 
P 
pe \nd so the trend to the 
a clk ( iri salt hath 
ps today. We began it; 
plied our own 
+ hota 
<cep up with it 
e aa 
reasons. Here 
es 
e is the simplest, 
e economical method known 


conditions and the control ; 
metallurgists disagree 
now, 


because: 


excepti 
ranv¢ ot 
designed, 
lectric 
tions have 

consistently, 
seeming] 


Purnace 
production 


they are: 


efficient, and 
pro\ ided the 
ideal. 


statement 


most direct, 


fic 


and within 
ating Io! 
hundreds of 
Bath Fur 


out hiner 


far less 
by any 
jigat ] 


irresistible 
ice mult 
facilities 
know 


1 


1. Heat treatment by means of salt baths 


] 


Few 


J 


. 





as 


Case-hardening alloy steel parts 
in a famous Midwest Automotive 
Plant 


Guided by the overhead conveyor 
screw, work travels through this 
tjax-Hultgren furnace at a pre- 
determined and controllable rate 
of speed 


Note the furnace as equipped 
with a slotted cover to keep 
down radiation losses. 


This is our 90 AW unit, using 
an activated cyanide for produc- 
ing case depths from 001 to 
O25 What's yvour problem’ 





| “How to Start a Trend” 


Ajax Did! 


* 

2 | e nearest appl 14 I that rele 
was found in the selt eatin elt-ci 
culating electrical principle pioneered by 
Ajax electrochemists and furnace desig 
cnygmec4rs 

3. When that was don the nation’ 
le vling metaliur¢gists were | ted to see 
what | been done Lhe rest 1s written 
in hundreds of installations covering all 
types oO} heat treatment mn production 
lines of the country’s greatest plants 


Investigate the Ajax-Hultgren Electr 
Salt Bath Furnaces now Write tor Cata 
log 107—‘the illustrated story ot 


trend.” 


“AJAX 


ELECTRIC COMPANY, INC. 


Frankford Ave. at Delaware Ave.. Phila.. Pa. 

















The oxidation test indicates From a simple consi 


O U I XN Cc H I 4 the tendency of an oil to thicken of the results of chem 


and to form sludge deposits. The physical tests made 
Ramsbottom coke number gives commercial quenching | 
Continued from page 632 the carbonaceous residue that difficult to dogmatize iy 
’ Oils with large volatile frac- may be expected on complete to their relative merits, 
tions will show high losses in decomposition of the oil in the larly when they are bei 
use, With automatic thickening; absence of air. The specific heat for different purposes. H 
uniformity of quench is” also influences the rapidity with it is possible to guess tI 
alfected by gas formation at the which an oil becomes heated by behavior of those oils in 
hot surface. Formation of sludge the hot steel and the thermal con- It is obvious that very d 
will also alter the speed ol ductivity influences the rate of properties are required j 
quenching. heat dissipation. for quenching watch 


than for an oil for deali 





heavy railway springs. 


As another instance, S] 





is excellent for heavy w: 





only shows up badly in 








; resistance to oxidation, | 
, o great care needs to be ta 
SPEED LASSE : keeping the liquid in the q 
ing tanks as cool as possib 
_ A LOW CARBON OPEN HEARTH PRODUCT Loss of oil in quenchi 
ations occurs by volatilit 


or “earry-out”’, and = carl 





\ Adres You. - 


tion. Volatility is a fun 





Vv ’ 
the light fractions presen 
1. CARBURIZING ry-oult” is connected with tl 
Direct quench or complete treatment viscosity, while carbonizat 
gives comparable results with SAE closely allied to resists 
X1020 or X1314—Hardness of case Pe A : 
oxidation. For maximu 


Rockwell C61+, Tough ductile core. 
3 ciency it is necessary to ar! 


PHYSICAL PROPERTIES a compromise between thi 


tility and viscosity. For | 
Equal to SAE X1020-X1315-1115 . . 


UNUSUAL DUCTILITY the suntowann of fay oll o the 


° oe \ 
180° Bend (Cold Drawn -1" Rd) should be such as to red t] 


SMALLER INVENTORY panies ot auttatinn 


Due to Versatility of Speed Case Comparison of two us 


INCREASED PRODUCTION 


40% to 80% Over SAE X1020-X1314, etc. changes in properties 
expected with continued 


MACHINABILITY The flash point and vis 


the used oil are higher, t! 


bonization the oil should « 
the minimum of fatty oil 


with samples of new oil 
' } 


same qualities indica 





Machines as fast as SAE X1112 


number, tendency to slud 
thermal conductivity are 


the saponification value 
Licensee for Eastern States 
value are higher, while |t 


THE FITZSIMONS COMPANY tility is slightly lower t 





poke EcR Baek’ 's. Pamek Bue) 
of the new oil. 
An appendix to this 
Licensor 
MONARCH STEEL COMPANY article describes in deta 
“aWings, , ‘thods 
HAMMOND . INDIANAPOLIS . CHICAGO drawings the me . 
PECKOVER'S LTD., Toronto, Canadian Distributor determine the specifi ! 
the thermal conduct 
MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS quenching oils a3 
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